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S.C'iiOl; II. Tf^T.iiCI^Y COYMUhl C/'.TIOhS 

ChAP'llUi h, P*{[.X1H.1S jF TiL.-HiUM. mi ShlbSIOh 

8.1« The Concept of Sound 

Telephony is the transmits ion of the sounds of human speech 
aionp; wires by means of electric current, 

Sound occurs as the result of vibration of any oody. For 
example, a oell rings when its cap viorates, a guitar sounds when 
its strings vibrate. The sounding body causes vibrata.on of the 
particles of the surrounding medium. This may be observed in the 
following example. If a sounding bell is placed unoer a glass hood 
(as shown in Figure 8.1), the sound be well heard, as also 
witiiout the hood. But if the air is evacuated throUf^ an exiiaust 
tube under the hood, the sound will not be heard even thoug-;h the 
hammer be clearly se€jn to strike the cap, Hiis experiment shows 
that the presence of a resilient medium (e. g,, air, water, metal) 
is necessary for tiie propagation of sound- 

Vibrations of the particles of a resilient meciium are known 
as sound waves, Sound waves propagate in all directions Iron the 
source of sound. In the air sound is propagated with a velocity of 
approximately 330 m/sec. Moreover, the distance over which the 
vibrating particle of air departs from its mean position decreases 
as the distance from the vibrating body increases (that is, the 
vibrations progressively weaken), 
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If the sound 'v^'aves encounter a body capable of vii^rattng in 
their patJri, tiiey set it in vibration. Sourto v^-aves striking the 
ear of a person cause its t.-^onpanum to vibrate. Ihe vibrations of 
ttie tympanum are transmitted through special bones of the t.ar to 
the aural nerves ana excite them. Ihese nerve excitations are 
transmitted to the brain and peiceived as souna sensations. 

Ihe human ear is usually incapaole ol perctivin,;^ all 
sound vibrations, but it perceives those having a frequency of 
not less than 16 cycles anu not more liian 16 kiiocycles. kven 
v/ithin tliese limits (range) the ear hears sounus differently. 

The ear is especially sensitive to sound vibrations with a fre- 
quency of approximately 1,000 cycles. 

Ihe principal values characterizing a souna wave, besides 
the velocity of its propagation, are the emplitude and frequency of 
vibration. 

Most of tile sounds encountered have a complex character, 
that is, tJiey are formed by the simulteneous action of several 
sound vibrations with different frequencies and amplitudes. 

Hie frequency of a sound vibration depends on the number of 
oscillations per second. Ihe frequency of vibration determines the 
pitch of a given sound. Ihe greater the frequency of vibration of 
a sounding body, tee hipiher the pitch of tee sound. According to 
tee height of the pitch we distinguish the female voice from the 
male voice, the bass from the tenor. 

Figure 8.2 shcjws that tee complex sound corresponding to 
the letter a and produced by a male voice consists of several 
simple sounds which are represented graphically in the form of 
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the simplest oscillations (sine \ajves) 1, 2, 3, 4 , etc. In ail 
complex sounds one tone predominates. In Figure <-.? the fundamental 
is represented by curve i ana the other tones only give it the 
color which is referred to as the timbre of the ^'ound. 

Hie same complex sound produced on different instruments 
is easily (i5.s tinguished due to the peculiar timbre of each instru- 
ment. 

6.2 Principle of Speech Transmission Along Wires 

The simplest method of achieving thv. transmission of speech 
along wires is shown in Figure 8,3. At station A, uiider the in- 
fluence of sound waves, the metal diaphragm of a telephone with a 
permanent magjiet viorates in accordance with the vibrations of the 
sound waves (with the same amplitude and frequency). Vioration 
of the diaphragm causes changes in the number of magnetic lines of 
force of the permanent magnet. This causes changes in the induced 
emf in the coil of the telephone and creates an alternating cur- 
rent in the telephone circuit; the clianges in the alternating cur- 
rent are proportional to the changes in the sound waves. 

At station B, with a change of current in the coil of the 
telephone, the magpie tic field of the permanent ma^giet of the 
telephone increases or decreases. The metal diaphragm vibrates 
according to these changes. Under the influence of the vibrations 
of the diaphragm tlie particles of air are set In vibration (that, 
is, sound waves are formed which will be heard by the human ear). 

The electric energy developed by the vibrations of the 
telephone diaphragm in such a simple telephone circuit is very 
small, hence telephone communication may be achieved in this 
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munner over small distances only. 'Jite electric enerf^y in the cir- 
cuit may be increased if, instead of tiie telephone at station A, a 
special telephone device knovn as a transmitter is used, liie trans- 
mitter operates in the followinp manner. In the quiet state battery 
K (Fiptire 6 , 4 ) creates a direct cur 1*64 1 in the local circuit con- 
sisting of the primary v.dnding of the transformer Tr, the capsule 
with carbon granules, and the diaphragm* 

Ills vibrations of air particles arising during speech act 
on the diaphragm of the telephone transniitter ario cause it to 
vibrate. Tlnis causes changes in the pressure of the diaphragm cn 
•the carbon granules, resijlting in changes in the oensity of the 
granules and, consequently, in the resistance of the granules. 

The result is that tiie current flowing in the transirtitter circuit 
does not remain constant, but pulsates accordiuig to idle speech fre- 
quency. In the secondary winding of transformer Tr on emf is induced 
which causes an alternating current in the line and the coil wind- 
ings of the telephone receiver at station 3, the action of which 
current at the receiver does not differ from that already described. 

Two-way telephone communications may be achieved by the ar- 
rangement shown in Figure 6 . 5 * 

In the transmission of speech by telephone tl:ie basic property 
determining the quality of transmission is tiie clarity of speech. 

Himian speech contains vibrations of various frequencies from 20 cycles 
to 12 kilocycles. It has been established that speech is well 
understood if the frequency range from 200 to 2,700 cycles is trans- 
mitted. 
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8,3 Itie Telephone 

A transmitter, servirij^ for tbe conversion of speech vibra* 
tions into electrical oscillations, and a receiver, serving for 
the conversion of electrical oscillations into speech vibrations, 
are combined in a sin>^e instrument known as a telephone. 

In order that the transmitter may operate, a source of cur- 
rent must be connected witliin its circuit (or, as is said, volta-'^e 
supply must be fed to the tranSi .itter) , The transmitter is fed by 
one of tvjo methods. In the first method the transmitter of each 
telephone is fed from its local (usually dry) batteiy, which is 
located at each telephone (lif-nre 8,ija)« By means of telephone 
transfonner the transmitter circuit is connected with line 
L^-L 2 and telephone receiver T 2 « Tiie designation oi such a supply 
system is abbreviated as an MB (local oattsry) system. 

In the second metliod the telephone transmitters are fed 
from a common batteiy located at the central exchange. This 
system of supply, thie circuit for which is shown in Fif-ure 8,5b, 
is referred to as the TsB (central battery system). Transmitter 
and transmitter are fed from the common battery TsB across 
coils RK^ and RK^, containing a large number of tuims of insulated 
wire wound on steel cores (chokes), Tiie alternating speech cur- 
rent from the transndtting telephone proceeds to the receiving 
telephone without passing through the battery circuit, since the 
chokes offer considerable resistance. 

Let us examine the construction of the most widely used 
transmitter (Figure 8.6), The transmitter consists of la brass 
housing 1 with an opening. At the base of the housing a carbon 
terminal 5 is held in place by means of screw 6 and nut 8, The 
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teminal is insulated from the housing by means of special washers 
2, 3, 4 , and 7. Carbon terminal ^ has six grooves into which fit 
brass spiders 9 and 10, serving to hold a felt washer (pad) 11 
against tiie diaphragm 13* Grooves in tiie pad correspond to pro- 
jections on the carbon terininal. hhon the pad is slipped over the 
terminal its edge extends above ’the upper surface of the teiminal 
and foms six cells 12. % means of a special machine these cells 

are filled with equal amounts of carbon granules. Diaphra^^m 13 is 
a disc 0.5 mra thick and made of pressed carbon powder and coal tar. 
llie diaphragm is covered with a thin sheet of mica 13 and held in 
the capsule by snap ring 14. 

Ttie trana^iitter capsule is placed in the telephone housing. 
Connection to the transmitter is maae by means of two springs, one 
of which contacts screw 6 and thei ocher contacts the capsixle housing 
1. The resistance of tlie carbon filling is not the same for all 
uses. For IIB telephones low-iinpedance transmitters are used, having 
a resistance of 30 to 65 ohms. For telephones of the TsB and ATS 
[automatic telephone exchange] systems medium-impedance and hi^- 
impedance transmitters are used with respective resistances of 
65-145 ohms and 145-300 ohms. 

Figure 8.7 shows the construction of the most widely used 
t;y 7 )e of telephone receiver. The plastic housing 1-2 contains a 
permanent magnet, consisting of three (or two) steel rings. The 
pole pieces 4 are fastened to one of ttie rings. Over the pole 
pieces are placed coils 5 with plastic forms and wind 3 .ngs of copper 
wire wilh a resistance of 60 ohms each connected in series. 

Steel diaphragm 7 i^ placed at the end piece of the housing, 
the necessary spacing be'bween the pole pieces ana tlrie diaphragm 
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being provided by a f’ber ring 6, bari::iece 8 i?? screts/ed onto the 


housing. The ends of the coil winalngs are broui^ht out to tenrdnals 


vhich are fastened by means of insulating bushings ana Kashex's to 


the mafljnet rings. 


b.d Telephones 


Telephones are distinguished according to the method of 


feeding the transmitter, the design, ana the ringing system. 


According to the method of feeding the transmitter, telephones 


are classified as MB sets or TsB sets. Designvise, telephones are 


classified as portable or stationary. The stationary phones are wall 


phones or desk phones. According to the ringing system, telephones 


are divided into mi^gnato phones or buzzer phones. 


The MB telephone is used for service of subscribers connected 


to MB exchanges. TTie basic diagram of the MB phone is shown in 


When the equipment is not in use the telephone hangs from 


lever RP. In this case the supply circuit of transmitter M is dis 


connected from battery B by springs 4-5, and the receiver T and 


transformer Tr are disconnected by springs 1-3; the bell 'L is con- 


nected to line 


liith ihe arrival of a ring from the line, the ringing current 
(bppassj.ng the coll of magneto Ind through shunt Sh) passes throu^ 
the bell. Upon the transmission of the ring, the magneto current 
flows to the line; at the same time the bell is sbonted by springs 
6-7 of the shunt Sh, since the drive shaft of the magneto (in its 
rotation) moves in the clockwise direction, and 1he ringing current 


does not pass to the telephone. 
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Upon lifting the telephone, lever ItP closes corituct springs 


1-2 and 4-:>, vith tiie result that a call circuit is fonaed for the 


reception and transmission of speech. 


During conversation the pulsating current in tlie circuit of 


transmitter M is converted by transformer Tr to an alterr.ating cur- 


rent, •which is applied to line Lp-L 2 across contacts 1-2 and 


magneto shunt Sh, 


The speech current coming from the line and across mag;ieto 


shunt Sli is applied to Hie receiver T, 


The TsB telephone is used for service of subscribers con- 


nected to TsB exchanges. Figure h.9 shows ■the basic diagram of a 


TsB phone connected to a manual telephone exchang( 


hheri tile telephone is harpging from lever dP the phone bell 


Z is connected to line L 2 ^-L 2 , Since in the TsB system the comirion 
battery of the exchange is connected, to the line, in order for the 


battery current not to flow^ tlirou^ the bell a capacitor K -tdih a 


capacitance of 1 microfarad is connected before the bell. 


In order to rin • the station the subscriber lifts the tele- 


phone from lever RP, contact springs 1-2 close, and the supply 


current from the exchange battery flows through transmitter M and 


tnrougli Hie parallel balancing resistance K ■ 300 ohms, ThereupiMi 
the ringing equipment at the exchange goes into operation and the 


telephone operator may connect the calling subscriber with the re- 


quested phone. The incoming magneto ringing current (from the ex- 


change) flows throu^^h capacitor K and the bell 21. Ttiereupon the 


bell rings. 
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'IlvL- Speech current created in tiie transmitter flows throutjh 
two circuitsi part of it flows thrcugli winding I of transformer Tr 
to tine line ana to tine telephone, the other part flows tiirough 
winding II of the transfoimer and througli resistance R. 

Ihe turns and resistances of tliC windirii^.s are so chosen that 
the ma'^ietic fluxes of windings I and II are approximately equal in 
value and opposite in airection, hence tliey have practically no ef- 
fect on winding III and stray speech current does not reach receiver 
T of the speaking subscriber. 

In reception, the incc^nin. speech current from the line 
passes tiirough the circuit: conductor springs 1-2 of lever 
PK, winding I of transforiner Tr, and xtien through transmitter M 
and partially through winding II of transformer Tr and resistor H 
to conductor 

bindings I and II of transformer Tr are connected so that 
the incoiTLing sp'eech current from the line creates in them additive 
magnetic fluxes. These fluxes induce in winding III a current 
which flows through tine receiver T. 

For telephone communications under field conditions use is 
made of portable MB phones with magneto or buzzer ringing which 
are knovni as unified phones. The telephone is placed in a wooden 
or plastic box equipped with a strap for carrying it over the 
sh oul.de r. 

Figure 3.10 shows the basic diagram of the UMI-U2 telephone 
and Figure 8.11 the basic diagram of the TAI-43 telephone. Essentially 
the components of these phones are tiie same as in the MB wall phone, 
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but tiie It'Ver switch Is replaced by switch K l.n the handle of the 

O 

telephone. The telephones have a special button ShK, the function 
of which is e:.plained below, and two dischargers Hz for protection 
of the phones against lightni-iig currents. * , • 

Ue shall now e:rainine the operation of the UhAI-4 2' telepKone. 

• 'jQie exchange is called by magneto Ind, Upon tuinirig ^the nicj^^ieto . 
crank, spring switch 1-2-3 closes contact springs 2-3 ‘ana "current 
flows along the circuiti left end oi winding Ind, contact springs 
2-3 of the magneto switch, button ShK, concuctor Ip, ,the otiieT 
telephone or switchboard, conductor L 2 , right end of wdriding of Ind,*, 


Ihe ma< 5 ieto current does not flow in tlie rifl'^t-hana portion 
of tile circuit, since it is shunted by contact springs 2-3 .of the * 
mar^ieto switch. If upon the arrival of a ri.ng button SliK is depres- 
sed, the shunt circuit is broken ano the ringing current flo\>s along 
the circuit: tiie left-hand contact of windifrl? Ind, bell h, conductor 
Lp, etc, and the bell rings. If upon ^turning the ’magneto crank and 
Gepressing button ShK the bell does not ring, ther^ is*a break in 
the line or the lirigirig circuit is inoperative. » ‘ 

Kinging from the line, or from an exdriange for UNAI-4 2^ 

equipment is performed by tlie* transmission of a* magneto ring, 

wherein the current follows the following path: from line L, , 

through bell Z and contacts 1-2 of magneto Ind (closed when the 
« # 

maigneto is idle), to lineiug and to the magneto of the calling phone 

or exchange. ^ ^ 

«» 

o 

In order to caisry on ®con«v'ersa tion the supply circuit of the 
transmitter is closed by pressing switch K in the handle. 
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lilt; pulsating; current of the transiiiitter circuit is converted 
by the trails former into alternating current, vjhicb reaches the line 
and the exchange or another telephone along the iollav;ing circuit; 
terminal 4 of transformer Tr, mafg:ieto contacts 1-2, line L^, 
another telephone or a svjitchboard, line capacitor common 
point 2, transformer vjindirigi^ capacitor K 2 , resistor IV, and 
transformer binding III. 'Ihc speech current does not yet reach the 
receiver. 

The speech current floviing from the line passes along the 
following circuiti line capacitor K^, branches out through 
the transmitter ano transformer wincing I, tlirough tire receiver T, 
point 5 and transformer winding II, magneto contact 1-2, line L 2 # 

The current flow in tine Tid-43 telephone follow j a similar scheme. 

For rapid detection of faults in the welephones it is neces- 
sary to know the symptoms of the faults peculiar to each type. 

Table 8.1 lists the symptoms of the more characteristic 
faults in the UNAI and TAI-43 telephones. 

TAHLii 8.1 

fAULTh IN uNaI kND lAl-a3 TflirHiONhS 
AND Mh'lHODS OF FLIKINATIhG THEM 

Possible fault How to locate ana eliminate fault 

Magjneto does not generate Remove phone from box, examine and 
current; spring 2-3 of mag- check operating condition of magneto 
neto shunt are not contact- shunt and reliability of connectiai 
ing, terminal springs do not between the a:<le pins and contact 
connect witii contact pins springs; adjustment is made so that in 
of armature saaiaxis. 


Symptom 

1. \\iith load across 
and L 2 terminals 
magneto handle is 
turned without ef- 
fort; upon press- 
ing shunting button 
bell does not 


operate. 


-li- 


the idle state springs 1 and 2 make 
contact and 2 and 3 are open and, con- 
versely, during magneto operation 
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2. With load across A defect in the bell or, 

h-^ and I 2 tenninals upon pressing ShK, spring 

magneto handle is 2 does not witridra-w from 

turned with effort; spring 1. 

upon pressing ShK 

bell does not 

operate. 


3. With no load 
across and L 2 
terrrilnals mat^ieto 
handle is turned 
with effort; up- 
on pressing ShK 
bell operates* 


Discharger bi-eakdown, 
and L 2 terminals shorted 
across discharge plates* 


springs 2 and 1 are open ana 2 and 
3 make contact* 

Unfasten the screws holding the 
terminal contact spring (to the 
right) or the magneto shunt (to the 
left); carefully withdraw the shunt 
or the teminal spring a little way; 
correct tfie springs so that they 
exert pressure against the pins of 
the armature saniaxis; put ttie 
teriTiinal contact spririg or shunt in 
place* 

Check operation of springs upon pres- 
sing ShK; loosen both nuts of the 
amature set screw; moving the arma- 
ture up or down, adjust for proper 
spacing between the sides of the 
armature and the cores, fasten the 
nuts of the set screw* The gap be- 
tween one side of tlie armature and a 
core, with the other side touching 
tile core, must be 0.15-0.2 mm. The 
hainnicr must not be in contact with 
tiie rim of the bell cap. 

Disassemble discharger, inspect inner 
surface of discs. If beads were 
formed by discharger breakdown, care- 
fully remove tiiera with a file, knife, 
or screwdriver without scoring the 
plates. Wipe the plates and mica 
spacers. Reassemble the discharger. 
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U* Blowing upon the 
transmitter, no 
sound is heard in 
receiver (with 
speech button 
depressed). 


No contact between speech- 
button sprin^jsj no contact 
between springs of trans- 
mitter cap and capsule j 
poor plug contact! a short 
or break in the strands of 
the telephone cordj ue- 
fective transmitter capsule 
or receiver. 


Examine arm check operating condition 
of mentioned parts. If gmiules are 
moist, dry capsule by application of 
heat, but do not hold it close to 
flame. If granules have become fused 
ana tliere is no reserve supply, the 
fused lumps rrmst be carefully ground 
and the granules equally distributed 
among the cells of the felt pad. 


5* Blowing upon 
the transmitter, 
no sound is heard 
in receiver. 


A phone element not making Check connection of element and its 
proper contact! element operability, 
worn out! faulty trans- 
former winding. 


6. Blowing sound Speech -button springs 

heard in receiver making contact, 

v^ithout depressing 
speech button. 


Remove speech button to elirainate 
fault; for tliis purpOvSe it is 
necessary to reset the displaced 
springs upward or dowiiward, depend- 
ing on the nature of the departure 
from the correct position. 


ainPT:^H 9. TiLEGRAHi C0HMU^iI CA 'IT ON G WITH MORSh: APPARikTUS 
9.1« Characteristics of Telegraph Communications 

In telegraph cornmuni cations the transmitted message is obtained 
at the receiving station in tape-recorded fom. This record is pre- 
sented in the form of a document from which it is possible to ascertain 
the content of the message, the time of transmission ana time of re- 
ception of the telegram, etc. In this respect telegraph coimiuni ca- 
tions have the advantage over telephone communications. 
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Telegraph communications are divided into trunk, intra- 
oblast, intra-rayon, and city communications. 

Trunk telct.*raph coinmuriica tions link Moscow witii the republic, 
kray, oblast, and certein oUier large centers, and also intercon- 
nect these centers, 

I ntra -oblast telegraph communications cornect the oblast 
center with liie rayon or inter-rayon stations and also provide 
communications between the rayon centers and adjacent oblasts, 

In'tra-rayon communications are conducted within the limits 
of the rayons. 

Large citd-es have city telegraph communications which link 
the central telegraph stetion with tlie city telegi’aph branches, 

h great variety of apparatus is used for telegraph communi- 
cations. -One of these records the telegraph transmission In code 
form on tape (e. g,, Morse apparatus), and the others priiit letters 
and numerals (start-stop teletypewriters and Baudot apparatUvs) . 

The Morse apparatus is the simplest of the telegraph instru- 
iients presently in use. In comparison with tlrie start-stop teletype- 
writers and Baudot appax'atus it is relatively inefficient. However, 
it is simple and convenient, quite stable in operation, and 
relatively immune to line disturbances. Hence, the Morse apparatus 
is widely used for auxiliary communications in adjusting lines and 
investigating faults. For example, before putting Baudot telegraph 
apparatus in operation conversation is achieved by means of auxiliary 
Morse equipment. 
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9.2* Opera till, Principle of Telegraph Apparatus 

Tlie simplest tele^;;raph communication between two stations 
with the use of electro-maj-netic telegraph apparatus is shown in 
Figure 9.1. 

At station A tiiere is a transmiUer (key), an elcctromag^iet 
with a rc‘Cordi]3g device, and a battery with one terminal grounded* 
This arrangement is repeated at station 3. Tlie stations are joined 
by an ungrounded conductor. 

Telegraph transraission from station A is performed by depres- 
sing ttie key. Tlicreupori current flov^ne from the positive terminal 
of tiie battery, through contact 2 of the key, and aP^ong the conductor 
to station B. The key at station B is open, hence the current flows 
through contact 3, the winding of electroma(,met 1, and returns to 
the negative terminal of the battery at station a through ground. 

The curr-ent flow ma.gnetizes the core of tlie electromagnet 
at station B, tiie azmature attracts and holds the end of a recording 
lever with an ink-moistened roller against a moving paper tape. 

This leaves a mark on the tape in tlie form of a line. The length 
of tiiis line will depend on how long the key is depressed at station 
A. Long depression of the key causes the recording unit to mark the 
tape with a long line (a dash) anci short depression causes a short 
line <a dot). 

Various combinations of short and long signals (i. e., dots and 
dashes) form the Horse code given in Table 9.1. In 1iiis code, for 
each letter, digit, or symbol there is an assigned combination of dots 
and dashes. 
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In transmitting from station B the key located at that 
station is depressed, which causes the electromagnet at station 


to close its contc'icts. 


I tan K o 


Uai 9.1. IHL KOKSl CODE 


Characters 
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2U 

(Table 9»1 Continued) 

ah 


25 

shch 


26 

I ti 

$ 


27 

y 


28 

yu 

• • •• • 

29 

ya 

^ mm ^ m 

30 

y 

. 

31 

6 


I tern M 0 

Di^^ts and punctuation marks 

Characters 

32 

1 


33 

2 


34 

3 

t * ♦ 

35 

4 

• • • • • 

36 

5 


37 

6 


36 

7 


39 

8 


40 

9 


U1 

0 


42 

period 


U3 

semicolon 


hk 

comma 


U5 

colon 


46 

quotation mark 

• • • • •• 4 

hi 

question mark 

• ♦ • •• • i 

48 

+ (plus) 


49 

- (minus) 

•’ ♦ • • • ■ 

50 

equal sign 
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51 

(Table 9.1 Continued) 

parenthesis 

« • 


« , 

52 

slant bar 




53 

hyphen 



, . - 











55 

received, iinderstood 

• • 



56 

I begin trunsmission 




57 

reception good 

. - 

- 


58 

wait 


- 

• • « 

59 

not received, not understood 

• , 

, 

• • • ♦ 


9,3 The Morse Apparatus 

The Morse a|:paratu£ consists of a rectiver vitii a recor»iii\g 
imit, a clockwork mochanism for noYement of the tape, a key (trans- 
niitter), and auxiliary devices, A general view of the Morse appara- 
tus is given in Fifpire 9.2. 

The i^ec elver of the Morse appai'atus consists of an electo- 
magnet with an annatur©. The electromagnet (Figure 9*3) consists 
of two windings, each of which contains approximately 6,200 turns 
of silk-insula ted copper wire with a diameter of 0,2 ram. Hie 
will dings are fitted over cores 1 of soft- annealed steel fastened 
by a steel cleat 2, For protection against disturbance each 
winding is encased within a thin brass or hard-rubber jacket, iie- 
sistance of the two series-connected windings is 600 oIms, 

The cores of iiie electromagnet are tubular. At ttie end of 
each core tiiere is a pole piece 3 and A, Amature 5 is tubular 
also. 
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Th& recQX'olng unit (hliiire consists of 3 rt-,cordini;^ 

iovei’ 5 turning on axis 6* The shaft oX the I'ecurciiiig I'olier 
is located in a groove at the left end of tlie recording lever. 

Tne am'-ture is at teie and of the lover. The right end of 

the lever is droKi* upward by a helical spid-tig 11, the tension of 
which i.H adjusted by means of nut 2 ^ vjitli pin 26, The swing of 
the recording lever is limi-ted by two screws l3 and 20 on support 

COlUMi 19* 

V.ith the passage of current ^iiroui^i tiie vvinding 21 of the 
elec troiriognet tlie aimature is attr-scted to tlie pole piece 27, 
causing the ri^-^^t end 8 of the lever to be lowered ana the left 
end to be raised. Thereupon the recoraing roller contects tee 
tape moving above it, l.ith interruption of the current the rij.ht 
end of th.e recordin;,; levc^r is returned by the htd ical spring to 
i te previous po ration and the recording roller drops, losing con- 
tec t with teie tape. 

The lower portion of recording roller 15 Ib immersed in 
inkv-iell 12 so tliat upon rotetion the entire surface of teie roller 
is moistened with ink. 

The elfcctromajpiet may be raised or lowered by means of 
screw 17, rfioving it toward or away fiom the aimature. In this way 
the force of attraction of the annature to teie cores of the 
eiectuoma^^net may be controlled. 

The clockwork mechanism transports the tape at a uniform 
rate. It consists of a drum with a mainspring, a system of toothed 
drive gears, a governor (vane), and a braking unit. 
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The drum and mairiEpring ars checked by a ratchet uhecl 35 
(Figure 9.u) at the rear vail of ttie arum. A pavl 2, under pres- 
sure of a spring 37, engages th^ teeth of the ratchet wheel and 
prevents counterclockwise movement of the anim. 

Complete w i.ding of the mainspring is achieved with seven 
revolutions of the drum. This provides uninterrupted oixrstirai of 
the mechanism for 20-23 minutes with, the dium rotating at about 
0.3 rpm. The raralnspring is protected against overi.dnding by means 
of a star wheel 21; mounted on an a:de screw 36 on the dnimp cap 22. 
The star wlieel has eight teeth, seven of which are concave and the 
other is convex. At the lend of the drum shaft a collar v;ith a pin 
is held in place by a nut» 

In -win ding the mainspriiig the concave surface of tlic star 
v/htel slides over the fixed collar, turning in th.e clcckvdr.e 
direction over the pin. VJhen the ei.;lith, convex tooth of the 
star wheel encounters the pin further winding of the spr.inp is 
nou possiDie. During rotation of the clockwork mechanism the 
star wheel is turned in the counterclockwise direction by tiie 
rotating prong of the collar until the convex tooth no longer 
presses against the collar pin, with the result that the spring 
ceases [/:» unwind. 

A fourth axial shaft of the clcckvork raechaiiism extends 
from, thif housing of the apparatus. To it is fastened a tape- 
transport roller 1 (Figure 9.2) with a grooved surface. Above the 
tape- transport roller the paper tape is held by a tape- tension 
roller 2. The tape Is guided by a roller U consisting of 'a brass 
cylinder over which are fitted two start tubes with guiding edges 
between which tiie tape is drawn. 
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In order to insure uniform raovcmont of the tape tiie clocicwork 
mechanism is provided viUi a j^overnor (vane) (figure 9.5). Kota bed 
movement of the vane rjhaft is imparted by tiie clockwork mechanism 
throu^/h a voim gear* In the iaie state the blades of the vane are 
held in an almost vertical position by a helical spring 1 (Figure 
9*3a)* WiUi rotation of the axis, under the influence of centri- 
fugal force the blades of the vane tend to unfold, overcoming the 
tension of Ihie helical spring (Figure 9.5b). The more rapid the ro- 
tation of the axis, the more the bl ;des fan out and tht rreater the 
air resistance encountered by the blades. If the speed of the 
mechanism decreases due to some accidental cause, the tilt of the 
blades decreases and the air resistance against the blades de- 
creases, with the result that the speed of ttie mechanism begins to 
increase. The clockwork mechanism will operate at a certain constant 
rate. The telegraph tape is usually drawn at a rate of appi’oxiraa tely 
160 cm per minute. 

The clockwork mechanism is started and stopped by means of 
brake 9 (Figure 9.2), the handle of which extends from the front 
of tl:ie housing at the lower left comer. 

Ttie Key (Transmitter ). Figure 9.6 shows the key by means 
of which the Morse apparatus transmits telegraph signals. The 
key is a doublc-am cdpper lever h with its axis located in a 
copper fulcrum 2. At tiie end of the longer am of the lever there 
is a wooden knob 10. At each end of tiic key there is a contract 
screw 6 and 0. Brass inserts 3 on the wooden block 1 and beneath 
the contact screws have flat contact springs 7 with silver tips. 



I " ' . ' - 1l . ; _ • ' 
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In the op erii tin current connect/ion of tiie apparatus the 
right end of the lever is constantly dravan aovjnvarG by helical 
spring 9, closing contacts 6 ana ?. If the apparatus is connected 
for continuous-current operation, the left eno of the lever is 
dra^^'rl dovmviard by a helical spring, closing contacts 7 and 8. 

These scheme.^ for connection of Morse apparatus are described below. 

The swing of the Morse key is adjusted by means of contact 
screw 6. 

Auxiliaries . In addition to the receiver ana key, tlie 
Morse apparatus has a galvanoscope or milliammeter ana a combined 
laminated lightning-arrester and switch. 

The if^aivsnoscope or milliajnmetfcr serve to indicate tho 
presence of current in the circuit ana to -.'eteimine its approximate 
value and direct ion. The scale of the instrument has divisiorrs to 
the riglit and left of the zero position' (aO-O-aO) corresponding to 
current values of up to hO ma in either direction. 

The combined laminated li^tning-arrester and switch 
(Figure 9.7) serves to protect the apparatus against damage due to 
lightning currents. At the same time it serves as a switch, for by 
inserting a plug into one of the outer jack positions A or B one 
or the other conductor may be grounded. By inserting the plug into 
the nidole jack position B the line conductors are connected 
directly and the apparatus is excluded from the circuit. 

9.h. Disassembly, Reassembly, and Adjustment of Morse Apparatus 

Disassembly . P'or tlriorougj:i cleaning it is necessary that the 
apparatus be completiely disassembled, all the components washed in 
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kerosene, ana cleanaeci. Before disassejt.bling the apparatus it is 
necessary to have at hand a container •with kerosene, rags, and 
screwdrivers of various sizes* 

Disassembly of tlie apj.^ratus proceeds in a definite sequence* 

1. remove inkv/ell 12 (lij^re 9# 2) by unscrewing the 
screw fastener; 

2. remove the container with the tape; 

3. unwind the- mainspring of the drum. 

In order to shorten the time required to unwind the main- 
6pn.r)g held the drum handle ■vjith ■‘he left hand and with a thin 
screwdriver press (mm on the riplithand portion of the ratchet- 
xvheel pawl so that it docs not fail between the teetii of the 
ratchet wheel. The driuri may then be turned throuj,^ half a revolu- 
tion in tile coiuitercloc]a.iso! direction. As soon as pressure on ■the 
screwdriver is released the pawl again eng^ages the teeth of the 
ratchet wheel and it will not be possible to turn the drum. Turning 
the drum handle to a convenient position, the screwdriver is again 
pressed ag:ainst the pawl, freeing the drum for another half turn in 
the counterclockwise direction. This procedure is repeated until 
tiie convex tootJi of star wheel 24 does not abut against the prong 
of the collar. For complete umvinding of the mainspring it is 
necessary to remove the star xvheel, for -Uiis purpose the collar 
holding tlie d.rum is unfastened and turned onto the screw located on 
the drum Viandle. The screw serving; as the axis of the star wheel 
is then unscrewed. The ratchet wheel is again freed from the pawl 
and the drum is tunied to the left until the spring is fully unwound. 
The position in which the drum is easily removed from its shaft is 
than found and the di'um is removed. 
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Disconnect the ends of tlie Yv'indin(;.s of electroniagnet 
21 from their tenriinalsj 

renove the vjood screws holdini^ the a}>paratus to the 
wooden plat 05 

6, remove the screws fastening the clockwork mechanism 
to the metal frame j 

7. unscrew screws 31 and 32 end carefull2/ rertove the 
tape-transport bracket; 

(). remove tape- tension lever 3 witii tape»tension roller 
2 and the supportinK shaft; 

9. remove recording roller I'j from its shaft by pressing 
it outwards with the fingers; 

10. remove the lefiJiand and upper covers of the housing; 

11. remove the pin fcisteni-np the uvo gears on tl.e lourtti 
axial shaft and tiien remove the shaft with the tape- 
transport roller; 

12. unscrew screws 2b holding t^ie backi.ng clock and 
remove it; 

13. unscrew tiie four screws 7 fastt?Jiing the righthand 
v;all of tiie housir.g; the wall ana the recording lever 
5 may then be moved to the right ana removed; 

lU. remove the plate under adjusting nut 17 of the 

electromagnet; unscrew the tvjo screws of the upper 
righthand brace and lift the electromaijiet out; 

15* remove the governor by unscrewing the two screws 

fastening the governor frame on the rear wall of the 
apparatus 5 

16. place the rear wall of the housing on the table^ unscrew 
screws 7 at the corners of the forward wall ^ then care- 
fully remove the latter; 

17. remove the shafts of the clockwork mechanism from their 
seats. 
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Wash the parts in kerostne, clt.an and dry them. 

Grease the sv.ats and tips of the shafts. 

Reassembly of the apparatus is perfonned in the reverse 

order. 

Adjustment of the Morse apparatus is both electrical and 
mechanical. 

Mechanical adjustment of the receiver consists in cor- 
recting the placement of the ele c tromai5;'ietE and the recording 
roller, correcting the sv:ing of the recording lever, and cor- 
recting the tension of the armature's helical spring. 

Turning nut 17, raise the electroraaf^et to the upper posi- 
tion until it is one turn away from being unseated, ihen set 
lower screw 16 of the support column so that upon depressiiig the 
armature by hand the gap between aimature and pole piece 27 of 
electromagnet 21 is 0. 2-0.3 mm (twice the ttiickness of the tele- 
graph tape). After this, upper screw 20 of support column 19 is 
set so that tlie swing of the recoraing lever is- 1 ram. In addition, 
check to see that the recording roller permitE free passage of the 
tape. Starting the clockwork mechanism and lightly depressing the 
armature by hand, the roller must ink the tape with a solid line 
without impeding movement of the tape. If it is noted that the 
tape is hindered by strong pressure of the recording rolle^r or, on 
the other hand, that the ink line is completely absent or broken, 
change the position of the cover plate at the left eid of the re- 
cording lever. 
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iiiectrical adjustment of the receiver is performed to 
insure tliat the short si^-inals (dots) transmitted by tlie key pass 
through the electromagnet. If the dots run together on the tape, 
then the helical spring must be tightened. IT tills does not 
help, lovjer the electromagnet. If the dots disappear, reduce the 
tension on the helical spring. 

The normal operating current for the Morse apj^^ratus is 
15-20 ma. 

9.5> Faults in Horse Apparatus and Tj^eir Causes 

Breaks in the Circuit . These may be caused by: a break in 
a line conductor, fouling of the key contacts, faulty grounding, a 
break in a wire within the apparatus or in the windings of the 
electromagnet. 

In order to determine the cause as well as the location of 
the fault a step-by-step test is performed. If, for example, it is 
apparent that the apparatus itself is operative, then the cause is 
a break in a conductor. If it becomes apparent that the cause of 
the break lies in the apparatus, then, by successive replacement 
of the individual parts of the apparatus, locate the fault and 
eliminate it. 

Unintelligible lieception. Jumbled or Broken Characters . The 
cause may be poor adjustment of the recording system or strcaig cur- 
rent leakage in the line. 

Unintelligible Operation of the Morse Apparatus, Appearance 
of Extraneous Signals . This may be due to contact between line con- 
ductors or faulty station wiring. 
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Clockwork Mechanism S topped ♦ Ttiis may be caused by* a 
broken raainspringj extreme weakening of the helical spring of the 
governor! fouling of the clockwork mechanism; loosening of the 
brake lever and uncontrolled braking of the mechanism; extreme 
pressure of the recording roller against the tape; tape incorrectly 
threa ded. 

Tape Does hot Feed , This may be caused by* tape fouled in 
reel; tape locked in roller rims; tape- transport roller not grip- 
ping tape, grooved surface of roller worn or dirty. 

9»6. Schemes for Connection of Morse Apparatus 

There are two basic schemes for comiection of Morse appara- 
tus; the contirmous-current connection ana the operating-current 
connection, pemitting the connection of several intermediate 
stations between teo terminal stations. Figure 9.8 shows the ar- 
rangement for continuous-current connection of two terminal stations 
and one intermediate station. It is characterir.ed by the fact 
that current flows in the circuit at all times and the armatures of 
all apparatus are attracted to the arniature pole pieces at all 
times. The line battery may be located at one station or divided 
among the stations so that the voltages of all these batteries are 
additive. 

In operating a key the signals are received at the receivers 
of all the connected Morse apparatus, including the receiver of the 
transmitting station. 

In the laminated discharger at each terminal station a plug 
is inserted into one of the outer jack positions not connected to a 
conductor. At the intermediate station the plug is not inserted 
into the laminated discharger. 
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Figure 9.9 shows the arrangement for operating-current 
connection of two terminal stations and one intermediate station* 

In this arrangement each station must have its ov/n battery, 
which is connected to the line only upon pressing the key. Unless 
the system is in operation tiiere is no current in tlie line. During 
keying at any station the receivers of all other stations on the 
line vdll operate. The receiver of the transmitting station will 
not operate (that is, the transmission is not monitored). Ihe 
plug of the laminated discharger is installed in the manner de- 
scribed above for the continuous-current arrangement. 

aiAPTlk 10. C0MP0SITI.KG diiCUITS 

10.1 Organization of a Phantom Circuit 

The most expensive part of the equipment of telegraph- telephone 
communications is the line installation. Hence, from the very begin- 
ning of the development of intercity communications effort was made 
to make the best use of lijies by '‘compositing” than (that is, 
organizing cm a single two-wire circuit as many coramunica tiois as 
possible). 

One of the simplest methods of compositing is the use of a 
supplementary circuit, known as a phantom circuit, which permits 
the simultaneous conduct of ttiree telephone conversations along two 
pairs of wires. 

The supplementary circuit is formed by connecting telephones 
T^ and T^ to the midpoints of line transfomers LT^ and LT^ through 
separate transformers IT^, as shown in Figure 10.1. The circuits of 
telephones T 3 _-T 2 and T^-T^^ are referred to as the main circuits and 
the circuit of telephones T^-T^ is referred to as the phantom circuit. 
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At tlie midpoints of line transformers LT^ and LT2 telephone 
currently in the supplementary circuit branches in two, so that in 
each half of the winding of a transfomer the current flows in the 
opposite direction. As a result the magnetic fluxes created in 
these transformers cancel out and cause no interference with tele* 
■phone conversation on the main circuits. 

In order to avoid interaction between tiie main and supple- 
mentary circuits it is necessary that the wire of each of the cir- 
cuits be of the same material and have the same (.iiameter and insu— 
lation. Supplementary circuits find vdde use on cable lines, but 
they are rarely used on overhead lines. 

10 . 2 . Midpoint Compositing of Circuits 

Another simple method of compositing a circuit is the mid- 
point compositing 01 simultaneous telephony and telegraphy. Figure 
10.2 shows the scheme permitting simultaneous telephone and tele- 
graph operation. 

In this arrangement line transformers with a tap at the 
center of the line winding (the midpoint) are connected in the line 
at both ends of a telephone circuit. Telegraph instiuments TG are 
connected to the midpoints. Upon depressing the key at telegraph 
instrument TG^, telegraph currents pass •thi'ough the line semi -windings 
of in opposite directions, hence their maf.;gietic fields cancel each 
other and do not cause interference in telephone 13^. The telegraph 
currents continue to flow in one direction along both conductors, 
through tkie line semi -win clings of transformer LT2 to telegraph instru- 
ment TG2, and return through ground to the battery of telegraph 
instrument 
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Due to mutual canceling of the ma^^etic fields in the line 
semi -windings of telephone T 2 is also free of interference. 

The requisite condition for absence of interference from 
telegraph transmission in telephone transmission is the equality 
of telegraph currents in both wires. Tliis condition is met when 
both wires of ttie circuit have identical electrical characteristics 
(resistance, irisij.a tion) or, in other v;orcls, when the telephone 
circuit is symmetrical. 

10.3 Compositing by Current Separation 

There is also a methiod of simultaneous telegraph and tele- 
phone operation which is based on the principle of separating the 
electidxal currents into different channels according to frequency. 

For satisfactory transmission of human speech it is neces- 
sary that the elements of the circuit, including the line, pass 
without significant distortion currents with frequencies from 200 
to 2,700 cycles. Analysis of the currents of telegraph trans- 
mission shovjs that they may be considered as consisting of alter- 
nating currents ranging in frequency from 0 to 80 cycles. Ihe dif- 
ference in the frequency bands required for transmission of tele- 
piioiic oiiCa wCa-cgraph curren ts pcrmiLtc applying the principle of 
separating the electrical currents into different channels according 
to frequency. 

Tiie use of this method is based on the fact that along a 
two-wire circuit currents may be transmitted which have a fre*- 
quency difference within the approximate limits of 0 to 150,000 
cycles or, as is said, within the frequency band from 0 to 150,000, 
cycles. let, for telegi^ph transmission the frequency band from 
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0 to 80 cycles is sufficient, and for transmission of human speech 
without significant distortion the frequencies may be limited to 
the band from 300 to 2,h00 cycles. Hence -the wide band of fre- 
quencies from 0 to 150,000 cycles which may be transmitted may be 
conveniently divided into 'Several relatively narrow bands or, as 
is said, several channels may be isolated. 

Separation of the channels in an electrical circuit is 
achieved by means of special units known as electrical filters, 
the purpose of which is to pass currents of given frequencies 
and block currents of all other frequencies. 

Figure 10.3 sliows an arrangement employing this principle 
to permit one telephone conversation and one telegraph hookup along 
a two-wire telephone circuit. In the figure the electrical filters 
passing only telephone currents are desi{;^ated by K-0.1 and those 
passing only telegraph currents are designated by D-0.1. 

In employing this principle for the transmiBsion of several 
telephone conversations along a single circuit use is made of 
special ’’carrier-frequency” apparatus. The term ^carrier frequency” 
is derived from the fact that alternating currents of certain pre- 
viously chosen frequencies are used to "convey” telephone conversa- 
tions. The oscillations of the speech currents are superimposed on 
the current of the chosen carrier frequency and transmitted along 
the line in the form of currents whose frequency is closer to that 
of the carrier curroit than to the frequency of the origLnal speech 
current. In other words the carrier-frequency apparatus serves to 
shift the speech currents to another band of frequencies which is 
hi^er than the maximum frequency of the speech current. 
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If several carrier frequencies are chosen which are suf- 
ficiently removed from one another so that the speech currents 
superimposed on them are not subject to mutual interference, we 
may simultaneously transmit along one line several carrier fre- 
quencies and their superimposed speech currents independently of 
one another, as though tlie speech currents were being transmitted 
along separate circuits. 

Having found a method whereby at the receiving end of the 
line we may separate the frequencies carrying the telephone con- 
versations and extract from them the speech currents in their 
original form, we may create a system permitting the simiiltaneous 
transmission of as many conversations as we have carrier fre- 
quencies. The process of superimposing speech currearits on a 
carrier frequency is achieved by means of a special device known 
as a modulator. The process of extracting the speech currents 
from the carrier frequency is achieved by means of a device kjiown 
as a demodulator. The problem of separating frequencies is solved 
by means of electrical filters. 

The apparatus by means of which it is possible to achieve 
several simultaneous telephone conversations on one line is known 
as a frequency line-compositing apparatus. 

Figure 10. U shows the basic diagram for compositing a line 
with three hi^-frequency telephone channelf,. For transmission 
of speech from the three subscriber telephone transmitters at 
station A to the three subscriber telephone receivers at station B 
three carrier frequencies are employedt fp, f2> ^3*' Electrical 
filters Fi will pass only carrier frequency fp with its superimposed 
speech of subscriber one, filter F2 will pass only carrier frequency 
f^ with its superimposed speech of subscriber two, etc. 


- 32 - 






For tranamission of speech from the subscribers of 
station B to the subscribers of station A carrier frequencies 
^3 employed, as well as filters F^, F^, and Fj 
which pass tl:ieir corresponding frequencies with tlrie associated 
speech. 

There is now in use apparatus permitting several simultaneous 
telephone and telegraph transmissions along a single overhead com** 
munications line. Apparatus for 3- and 12-chanriel compositing has 
found the widest use in telephone transmission. 

Vkihen necessary, multiplex telegraph apparatus may be 
employed to provide IB telegraph links along a single telephone 
channel. 


ShCTIOh ni. OVdhhMh COhHUiaCaTIQhS Lln]f3 

CHAPmR 11. GUSSIiiQiTlOh Oi OVllUhA'D GOMMbrJCATIOKS LIhLS 

11.1. Influence of Meteorological Conditions on Overhead Communi* 
cations Lines 

A conductor suspended between two supports is subject to 
loading due to its own weight, wind pressure, and icing. The 
loading rises especially sharply on t]:ie conductor, rigging, and 
supports when icing is accompanied by wind. Ibder icing condi- 
tions a sheath of ice covers the conductor. The formation of ice 
may be due to various causes. One of them consists in the fact 
that drops of rain, in falling from the clouds tc earth, pass 
through an air layer with a temperature below 0° C and are cooled 
to a temperature below 0® C. In falling on solid objects these 
drops of cold water are quickly turned to ice and cover these objects 
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with a transparent shu-ath of tee. A ueposit sometimes appears on 
the conductors in the form of fine needles of ice with a milky 
white color (hoarfrost). Most often the ice formations are 
stratifica tioiis of solid ice and hoarfrost* 

Viith the wind blowing in the longituuinal direction of the 
line the ice deposit is usually uniform along the circumference 
of the conductor. If the wind pressure is transverse or at an 
angle to the line and orops of water strike the leewarc side of 
the conductor, then ice will be foniied on one side of the conductor, 
the greatest layer of ice usually forms on the groundward side of 
the conductor. Bie layer of ice may attain a diameter of 1 to 5 
cm. In certain districts cases have been observed where the diameter 
of the ice reached 6-7 cm. 

The maximum intensity and extent of icing is usually repeated 
in specific districts, which are therefore most unsuited for opera- 
tion of overhead lines. In the European part of the USSR such a 
district is the entire territory lying south of the line between 
Khar'kov, Voronezh, and Saratov. The aaditdonal loading of con- 
ductors due to icing runs from O.u to l.d kg per meter, and in in- 
dividual cases 1 b greater. If icing is accompanied by strong wind, 
loading of conductors increases still further and the lines, 
crossarms, hooks, pins, and even poles are broken. 

Icing is sometimes accompanied by wind speeds up to 15-20 
m/eec. V/ind speed may be determined from the scale given in 
Table 11.1. 
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TnH.,ii 11.1 
V.lMD-SPE]iD SG/aE 


Observation without 
instrument 

Wind desig- 
nation 

Vdnd speed 
in balls 

Wind speed 

In m/sec 

Smoke rises vertically, 
leaves still 

calm 

0 

0-0.5 

Wind direction ascer- 
tained from smoke 

light air 

1 

0.6-1. 7 

Wind felt on face; 
leaves rustle 

light breeze 

2 

1.8-3.3 

Leaves and small twigs 
in constant motion 

gentle breeze 

3 

3.U-5.2 

Wind raises dust, 
moves small branches 

moder£»te breeze U 

S.3-7.4 

Small trees sway 

fresh breeze 

5 

7. 5-9. 8 

Large branches in 
motion, telegraph 
wires whistle 

strong breeze 

6 

9.9-12.4 

Tree trunks in motion, 
large branches bend, 
wind resistance felt 
in walking 

moderate gale 

7 

12.5-15.2 

Wind breaks small 
twigs and dry branches, 
interferes with 
brea thing 

fresh gale 

8 

15.3-16.2 

Lligl'it damage^ wind 
removes chimney pots 
and roof tiles 

strong gale 


IB .3-21. 5 

Considerable damage, 
trees uprooted 

whole gale 

10 

21.6-25.1 

Widespread damage 

storm 

11 

25.2-29.0 

VJide spread damage 

hurricane 

12- 

greater than 


Ice or hoarfrost deposits on conductors do not merely affect 
the mechanical strength of a line. Power losses increase in the 


35 - 


Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230012-7 





Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230012-7 


presence of an ice layer on the conductor, that is, current at- 


tenuation in the line cii-cuit increases. Tl:te higher the frequertcy 


of the current, the greater the current attenuation in ttie cir- 


cuit. With certain amounts of ice deposits the hi^-frequency 


channels begin to malfunction and with an increase in the deposit 


communications may break down. With the appearance of ice or 


hoarfrost on conductors line-enpineeririp personnel must take timely 


steps for the removal of these deposits. 


11.2. 'Rnjes of Oveihead Coirmiunications Lines 


In order to prevent breaks in conductors ana damage to 


poles due to wind and ice communications lines are designed with 


these loads in mind and are erected according to the type speci- 


fications given in Table 11.2 


11.2 


TYPliL Or CQKlllilCHTIOr';? LINKS AND HiLrii Ch AiiACTEKTSTIGS 


Typ-e of 
line 


No of Length of 
supports span in 


per km 


Characteristics (meteorological 
conditions) of the district 


(li^t loading) 


Mon-icing or with icing with average radial 
thickness up to 5 mm, or with hoarfrost with 
radial thickness up to 20 mm. 


(medium loading; 


Icing with average racial thickness up to 10 mm 
inclusive, oi* with uoarfrost with radidl thick- 
ness greater than 20 mm. 


(heavy loading) 


Icing with average radial thickness up to 15 mm 
in do 


(extra heavy loading 28 


Icing with average radial thickness up to 20 mm 
in cl. 


The various types of lines are also distinguished according 


to the auxiliary fastenings of the supports, the diameters of sup- 
ports, et al (as explained in Chapter 12). 
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11»3» Classification of Overhead Communications Lines 

According to their importance, overhead communications lines 
are divided into three classest 

First Class — lines of all-union importance (truiik lines), 
linking Moscov< with the republic, oblast, and kray centers, and 
interconnecting the republic, oblast, and kray centers. 

Second Class -- lines linking the republic, oblast, or 
kray centers witii the I'ayon centers, and interconnecting the 
rayon centers. 

Third Class — lines of intra-rayon communications. 


CIAPTIH 12. ?0I.^.8 AN 8 TliEIii INSTALUHOH 


12-1- Pola Gon-** - Ma+or^>.,ic 


A rv ■r>\ -r, rr Dr>n 4: 


The poles used in communications lines are distinguished 


according to ttieir location on the line, tiieir construction, and 


their purpose. 


According to their location on ttie line, poles are classed 


as: 


intermediate — on which the direction of the conductors 
does not change j 


comer — on which the conductors change direction; 
terminal -- on which overhead coraramii cations lines 
begin or end. 


According to construction, poles are classed ast single, 
compound, with reinforcement. 

According to use, poles are classed ass anchor, semi-anchor, 
sectional, cable, crossing, anti-wind, and test. 
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Poles for overhead communications lines are -wooden or of 
reinforced concrete. 

Re in forced-concrete poles have a number of advantages over 
■Vv'ooden polesi (l) tliey are noix economical^ since iiieir service 
life is approximately four tl^ncs greater ti.ari that of tvooden poles; 

(2) they do not require additional niaintenance; (3) most important 
of all, they peimit conservation of -v/ood. 

In the production of reinforced-concrete poles the following 
ma teilals are used: Portland cement, puzzuolanic cement, steel re- 
inforcements, wire rods, sand, gravel (or crushed stone), and. water. 

Keinforced-concrete poles are made at present in plants, 
concrete yards, or at line-technical units by the vibration method 
or the centrifugation method, bitii the vibration method poles of 
differing cross-section may be made. The centrifugation metiiod is 
used in making tubular poles. Such tubes (sections) come in 6- 
and 3-meter lengths and may be used for stringing of I6 conductors 
with conductor clearances of 3 and 4.5 m. 

Ihe standard pole consists of a section -with an outside 
diameter of 200 mm and a length of 6 ra, whereas the ienguiened 
pde (cisarsnee *+.5 m) corisists of one 6— irieoer seebion vyiiii an 
outside d5.ameter of 200-300 mm and one 3-meter section with s 
diameter of 30O-U00 mm. 

The sections of the lengthened pole may be joined telescopically 
with the application of a cement solution (in this case in assembling 
the pole 0.5 m of the overall length is lost and tiie length of the pole 
is 8.5 m) or the sections are joined by the electric welding of two 
rings embedded in the sections (in this case the overall height of 
the pcjle is 9 m). 
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The folloviing types of trees are used in making v.ooden polesi 
pine, larch, cedar, spruce, and fir. 

The dimensions of lof^s for poles and attachments are given 
in Table 12.1* Table 12*2 gives the wei{^t of various sizes of 
moist pine poles. 

TABLE 12.1 

PKIKCIPAL DIA.-ASIOMP Oh LOGS (POLLS) 

FOR Support of commblicaiI'JKS likes 

Thickness at 


Purpose of poles 

Length, ra 

upper aid, cm 

Gra de 

Poles for support of 
communications lines 

6.S, 7.S, 8.5, 

9.5 

14-2U 

2 and 3 

Poles for support of 

G Qramuni ca t ion s lines 

11, 13 

16-24 

2 and 3 

Logs for attachments 

2.75, 3.25, 3.5 

16-26 

2 and 3 


TAS.L 12.2 




VET fliT 

0 ¥ 

LOXST PINL K)LLS, kg 




Length of 









pine pole. 



Diameter of pole at uppt^r end. 

cm 



m 

12 

13 

14 

15 

16 17 18 15 20 21 

22 

23 

24 

6.5 

62 

71 

81 

92 

103 115 127 142 156 170 

185 

202 

218 

7.5 

- 

- 

100 113 

127 110 156 172 188 200 

211 

244 

266 

...a. 5 

- 

- 

117 132 

1U7 16U 181 199 218 239 

259 

281 

304 

11 

- 

- 

- 

- 

- - 261 286 311 336 

366 

396 

425 

13 


.. 


- 

- - 337 372 402 438 

47U 

510 

5U6 


The poleB are prepared during the winter and are stored in 
piles on elevated sites not subject to flooding. The bark must be 
removed from the poles before storage. The site on which the poles 
are to be stored must first be cleared of bark and debris, and in 
the winter it must be cleared of snow. 
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'ihe fii’st layer of poles is placed on sleepers. Betv-een 
layers planks or beams are edged betv?een the outemost poles. 
After cornicle ting the pile the top layer is covered -vjith flats or 
battens. 

12.2. Defects of Wood 

The various diseases and faults of wood due to fungi, 
insects, and natural conditions are referred to as wood defects. 
Defects of one or another type result in wood of poor quality. 

A state standard specifies the limits of permissible defects. 

The de^'ects discussed below relate only to poles for overhead com- 
munications lines. 


Loose knots and tobacco knots are not permitted . A loose 
knot is a fully or partially rotted knot still retaining its form. 
The color of the knot varies and is sometimes impregnated with 
black or white spots. Among the loose knots is the black resinous 
knot of hardwoods, consisting of a black mass of resin. Friable 
black knots are a defect of softwoods (for example, of the birch) 
and are included among the loose knots. The tobacco knot is a 
completely rotted knot. It is a chestnut-colored, brown, or 
mottled (in softv/oods it is soraetimes white) mass which crumbles 
easily under manual pressure. Tobacco Imots are usually due to 
internal rotting of the tree trunk and may be regarded a siga 
of such. 

”Pasynki^* are not permitted . A pasynok is a thick, pro- 
tracted knot of oval form. It extends at a very small ang3.e to tlie 
axis of the trunk and penetrates deeply within the trunk. In most 
cases the pasynok marks a halting point in the growth of the tree 
or a dead secondary crown. 
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Internal and sapvjood discoloration (any rots) are not permitted . 

Internal discoloration is encountered in all coniferous wood 
and deciduous heartwood. It is observed at the enus in the form of 
large, varifoxin spots, rings, or holes, and on the sides in the form 
of bands. The color of the diseased wood is extremely di verses rose, 
rod, reddish, brown, gray, and sometimes black or violet. 

Sapwood discoloration , like internal discolora tion, is en- 
countered in all coniferous wood and deciduous heartwood. In coni- 
fers the color of the diseaseti wooa is pale yellow, light brown, 
or sometimes has a reddish tinge. In elm ana fir the dlscoloia tion 
often penetrates seasoned wood. 

Sapwood rot is the final stage of wood rot aue to tlie fungi 
causing sapwood discoloration. Sapwood rot takes the foifri of an 
external ring of rotted wood at the ends of logs and is lii^t brown, 
pale yellow, or white in color. Ivuod affected by sapwood rot may 
be detected by pressure ana cruinbles easily along the grain. Sap- 
wood rot forms on felled timber and dead trees. Rot develops in 
unseasoned logs stored under unfavorable conditions and may spread 
to seasoned wood or partially to the core, whereupon the strerigth of 
the affected portion is considerably lowered. 

Marbled rot is characterised by tiie fact that against the 
background of a browned, "stewed'* wood (stored in ttie hot time of 
year) discolorations appear in the fonii of spots and bands, some- 
times delimited by twisting black and black-brown lines. Tlie af- 
fected portions are marble-like in appearance. 
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External rot is encountered in all types of vood. It develops 
under unfavorable storage conditions. The decay begins from the 
outer part of the heart or sapvood and gradually penetrates the wood, 
Sometimes the disease begins within the wood when the spores of fungi 
enter throu^ external cracks. At first the wooa is discolored a 
ligl-it brown, then it becomes brown or dark brown. Transverse and 
longitudinal cracks appear and the wood disintegrates into prismatic 
fragments whdch are easily crumbled into powder. 

Internal rot is encountered in all t;}'pes of wood. For tlie 
most part it represait^ the final stage of affliction of the growing 
tree with destructive fungi. 

Frost fissure with fungus is not peimitted. Frost fissure is 
often encountered in softwood trunks and sometimes in hardwoods* 

Frost -fissure is an external longitudinal crack gradually narrowing 
down to the center of the trunk. Usually along the edges of the 
crack there are ridges from growth of the wood and bark. Frost 
fissures overgrown on the outside with dense layers of wood are 
sometime s an c oun te red . 

The multi -side bend is not permitted in grade 23 for grade 3 
it is permitted for not more than 2 percent of the length of the 
log. The bend is a deformation of the trunk. If the deforraatiai is 
directed to one side, the berid is a one- side bend, but if it is in 
various directions, it is a many-side bend, 

12,3, Methods of Prolonging the Sei*vice Life of Poles 

Ttie service life of wooden poles is a very important 
economic index. It determines the amount of the input and outlay of 
wood for maintaining poles in satisfactory condition. It is natural 
that frequent replacement of poles necessitates the preparation of 
timber and large expenditures, 
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The service life of poles is affected principa.lly 
cliinatd.c conditions of the locality in which they are installed, 
the nature of the ground, and the tj'pe of wood. Decay is caused 
by fungi which, getting into the wood, use it as a source of 
food and gradually destroy it. The rapid decay of wood deptiiids 
largely on the degree of atmospheric humidity and tempera ■:ure 
conditions: a dry wood or one permanently located in water, as a 
rule, does not decay, v/hile wood located unaer ccnditions of 
var^^ing moisture (30«60 percent) may be destroyed in three or four 
years. 

Decay of the poles does not occur uniformly over their 
length. The greatest aecay of poles and attachments is observed 
at ground level and beloi^ (approximately 30-a0 cm above and below 
ground level), and also at the top and at points of connection 
with attactiments and otlier components. 

Protection of the wood against decay consists in impreg- 
nating it with such substances as will prevent tiie development of 
fuiigj-, that is, stop their activity. Substances which are 
poisonous for fimgi are known, as antiseptics. Antiseptics fall 
into tvio basic groups: emulsive (coal-tar oil, anthracene oil, 
shale oil, and various resins) and water-soluble (sodium fluoride, 
uralite, trlolite, zinc chloride, copper sulfate, arsenical and 
arsenide compound's, etc). 

Antiseptics are applied to the wood in amounts sufficient to 
prevent the development of destructive fungi, the precise emount de- 
pe ndi ng on the toxicity of the antiseptic. They are applied to the 
wood by different methods. These methods may be divided into two 
basic groups — simplified methods and plant methods anploylng pres- 
sure and exhaustion (vacuum). 
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Applied under the proper conditions, plant metiiods provide 
treatment of hi-h quality. The simplified methods do not require 
complex plant equipment, with, the result that treatment by these 
methods may be organized both in treating yards and at the site 
of pole installation. Une most generally used method of treating 
poles for overhead communications lines is the band metiiod. The 
service life of poles treated by tlie plant meh-iod is 25-30 years, 
by the siiaplified band method it is 12 years. 

Ttie band method is used in treating poles and attachments 
of all types of vfooa except oak and aeciduous. V«ith tids method 
the poles are treated directly on the line by applying the anti- 
septic mass to the pole butt or attachment vith subsequent water- 
proofing of this portion of the pole. Tlie coir^osition and amount 
of pasta for a single band are given in Tables 12.3''12.5. 


12.3 

COKPOSITIOh i-.hD Ai’OUhT OF P-AFTF IK SUl.PITE UQbORS 


Band 

dimensions, cm 

Sodium 

fluoride 

width 

circumference 

(g) 

60 

approx. 50 

380 

60 

approx. 65 

420 

60 

approx. 80 

600 

60 

approx. 100 

750 


Extract of 
sulfite 
liquors 
(g) 

*Wa ter 
(cm^) 

Approxima te 
amount of 
paste per 

coat (cm^) 

73 

160 

360 

81 

176 

4O0 

116 

252 

570 

145 

31U 

710 
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mBLE 12.4 

COMPOSI'IIOl^ AhJ) AMOUNT OF BI TUi^aisiObS PASTA 


Band 

width 

dimensions, cm 

circumference 

Sodium 

fluoride 

(g) 

Bitumen 

(g) 

Solvent 

(kerosene, etc) 

(cm3) 

Appro xima te 
amount of 
paste per 
coat (cra3) 

60 

approx. $0 

380 

138 

173 

530 

60 

approx. 6!? 

420 

153 

191 

590 

6o 

approx. 80 

600 

218 

273 

840 

60 

approx. 100 

750 

273 

314 

1,050 




TAILE 12.5 




co:;?osiTiori a; 

AMOUNT 

OF pj.STE IN COAL' 

-TAR VARNIFH »B'» 


Band dimensions, cm 

width circumference 

Sodium 

fluoride 

(g) 

Coal-tar 
varnish "B'* 
(g) 

Wa ter 
(cm3) 

Approximate 
amount of 
paste per 
Ci>at (cm3) 

60 

approx. 50 

380 

2u2 

69 

490 

60 

approx. 65 

420 

267 

76 

545 

60 

approx. 80 

6oo 

380 

109 

778 

6o 

approx. 100 

750 

477 

136 

970 


When uralite or trioltte is used -the amount required is 20 
percent less than for sodium fluoriae. The other substances 
entering into the composition of the paste are also reduced by 20 

pcrCcFi t. 

Pastes are made in various i^tays, depending on the composition. 

Paste in an extract of sulfite liquor (sulfite wash, foundry 
concentrate). A finely ground extract of sulfite liquors is dis- 
solved in hot water in half the amount indicated in Table 12.3® 

Ihe sizing may be stored for several days. After this it is necessary 
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to ado the antiseptic and the reraainiiii' portion of ttie water to 
the sizing solution in small amounts. The mixture Is then care- 
fully stirred until the in,;redients are thoroui^iy mixed. 

Bituminous paste* A finely ground bi turner; is placed in a 
vat and ideiteci over s iow witli freyuent stirrirrg. After 

the bltoien is melted the fire is put out. V.ith tirie bitumen at 
a ta^jperature of apj.roximattly 90 cegrees the solvent is gradually 
added during constant stirr3.ng. To the resiUtirig solution add 
small quantities of the antiseptic during constonL- stirring until 
the ingredients are thoroughly mixed. 

Paste ixi coal-tar varnish "B”. Add tlie antiseptic to cold 
water and stir thorouf^rly, tlien pour a double portion of coal-tar 
varnish ana stir the mixture for 20-30 minutes. 

For waterproofing of the paste, ap^ply a waterproofiirg sub- 
stance over a foundation (tar paper, ruberoid). Ihe water- 
proofing substance will contain a ‘oituuien of grade 3 or 4 (65>) 
and kerosene or a polychloride of benzene or of solvent naphtha 
(39 percent), just as in the preparation of bituminous paste. 
Insteiid of the bitumen solution, use may be made of a resin 
(coal tar, wood resin, peat tar, etc witli a water content of not 
more than 9 percent) or coal-tar varnish without any additives. 

Ihe pole butt or attachment is protected by a sin^e band. 

In those rayons where decay of tirie pole is observed over the 
entire underground portion two bands are applied. 

In the band method the pole is treated in the following 
manners the pole is placed so that its butt is raised on a wooden 
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block over the hclej a uiiiforra coat of paste is applied by brush 
to the portion of the pole v^hich is to be protected; then a piece 
of tar paper is placed under the butt end of the pole and is 
firmly wrapped around the pole by pressing from tiie bottom up* 

i-fter fastening the band with roofin(.^ nails and wrapping 
it with wire 1-1*3 inm in diameter, the surface of the band and 
the areas 3 cm above and below the band are coated with water* 
proofing* In fitting a single band it is fastt.ned so that the 
upper edge is 10 can above ground* Vhere two bands are fitted the 
second band is fastened so tJ-iat it extends 10 cm below t)ie lower 
edge of the first band* 

In swampy localities where -ute pole decays above the sur* 
face a single band is placed so that its lower edge is at the 
surface and not less than iO cm from the ground* 

Hie tops of poles and attachments, the different types of 
gains or notches, as well as the holes for pins and bolts are 
protected against decay by smearing ttiem with creosote or anthra- 
cene oil tars* In regions where rapid decay of pole tips is 
noticed they are treated with antiseptic paste* A band is ap- 
plied to the top. The band is punctured at approxhtiately ten 
places and roofing nails are driven with discs of tar paper or 
paper beneath them* 

In order to prolong the service life of treated poles, at 
the first signs of decay the band treatment must be repeated, 
for such treatment increases the service life of the poles by 2-3 
times, which permits a considerable saving of wood* 
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The antiseptics used for pole treatment are poisonous to 
the human organism. Upon coming in contact \,itli the skin, they 
cause irritation and result in sores requiring long periods of 
medj.cal treatment. Antiseptics accidentally entering the 
organism cause poisoning. Hence, in treating poles it is neces- 
sary to work in overalls. Upon stopp-drig work the overalls must 
be removed and kept apart from personal clothing in special 
cabinets. 

Contamination of the hands and body is not penaitted. 

The hands and body must be washed after work. Food may be eaten 
only after removing the overalls and carefully washing the hands. 
Work must not be performed on creosote- treated poles while the 
shirt collar is open, nor must such poles be climbed without 
long gloves. In order to prevent poisoning of livestock, anti- 
septic which has been spilled and is not easily washed away and 
ccffitaminated grass and scraps of material from band treatment 
must b’fe gathered by shovel at the conclusion of work and buried 
in a pit not less than a half meter deep. The remaining area 
must be spaded. 

12.4 Intermediate Poles 

An intermediate pole is subject to loading by lateral wind 
pressure on the conductors hung frc«n it and on the pole itsdLf. 
The pole's section of greatest stress is at ground level. 

Typical pole profiles and the number of circuits are givai 
in Figure 12.1. Pole dimensions and setting depths are given 3jn 
Tables 12.6 and 12.7. 
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On linee of types 0 and N with conductors strung on hooks 
the spacing between conductors must be 4o cm and on lines of 
types U and OU 60 cm. Dimensions of wooden poles i ill* conductor 
spacing of uQ cm are given in Table 12.6 and dimensions of poles 
witl'i conductor spacing of 60 cm are given in Taole 12.7. 


TABLE 12.6 

Pill i CiPAL ULl': ill ilOLS Ol l.UoDigi'-i lOLPi- aEi. Eiij'lTIi'jG LiiJPlIiS 
CUALLGTjK SPkCILu OP 40 CM 


ho of conductors 
on pole with 
clearance in m 

2.5 3 

Profile 

number 

Overall 
length of 
pole in m 

Minimura diameter of 
pole at top (cm) 
for lines of type 

0 N 

Setting 
depth in m 

8 6 

1 

6.5 

12 

14 

1.3/1. 2 

12 

10 

1 

7.5 

12 

15 

1.4 

16 

16 

1 

8.5 

14 

17 

1.6 


In soft ground and on the siaes of hills with slopes greater 


than kS degrees the setting is increased by l5 cm. In stony and 
rocky ground the setting deptii is 0.9 m for poles 6.5 m long and 
1.1 m for poles 7.5 and 8.5 m long. 


[See Table 12.7 Following Page] 
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TAHL-E 12.7 

Piill^CIPAL LT.ME1.SI0MS 01 EOODM POLES AND 
SETTING DiiPIKS LTIH a)NIt!CTOK SPivCTNG OF 60 CM 


No of 
conductors 

Profile 

number 

Overall 
length 
in ra 

0 

Minimum diameter of 
pole at top (cm) for 
lines of type 

K U OU 

Setting depth 
in hard or 
swampy ground 
in m 


1 

6.S 

- 

- 

12 13 

1.2 

8 

1 

7.S 

- 

- 

13 15 

1.4 

10 

1 

8.S 

- 

- 

15 16 

1.5 

12 

5 

U.S/T.S* 

12 

14 

16 19 

1.5/1. 4 

16 

2,6 

6 . S/7. 5 

lU 

17 

18 20 

1. 6/1.5 

20 

3,7 

7.S«t 

15 

18 

19 21 

1.5 

2U 

U 

6.5 

16 

18 

19 22 

1.5 

32 

4 

7.5 

18 

22 

- 

1,6 

40 

U 

8. 5/7.5 

20/19 25/23 

- 

1.8/1. 7 


-Jt- Numerator indicates pole lengtii -wilii clearance of 3 m, 
denominator indicates pole length with clearance of 2.5 m. 

In profile No 7 for lines with clearance of 3 m pole 
laigth is 8.5 m. 

An in remediate pole of centrifugated reinforced concrete with 
a conductor clearance of 3 m is shown in Figure 12. 2; such a pole 
with a clearance of 4*5 Jn is shown in Figure 12.3. As the figure 
shows, these poles are designed for crossarra stringing only with 
up to 16 conductors. The weight and diameter of reinforced-con» 

Crete poles are given in Table 12.8. 

Joining of 6,000- and 3,000-mrti sections is done telescopically; 
that is, with the lower section installed in the ground, the upper 
section: is placed on the support ring and the space between 
sections is filled with cement (Figure 12.3). 
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TABLE 12.8 
OT CiiKTKTl UGkTI-D 
jiETN 1 0HCED-Gv)N CKET E SECTT S. 


Outer 

Inner 

Length of 

Lei#it of 

diameter 

diameter 

section 

section 

mm 

mm 

mm 


200 

130 

6,000 

275 

300 

220 

6,000 

500 

300 

220 

3,000 

250 

uoo 

320 

3,000 

338 


1 2.5. Compound Poles and Poles wltEx Heinlorcement 

Soni-anchor poles (Eigure 12.4) (consisting of tvjo vertical 
poles, two braces against them, one diagonal brace, and two under- 
ground crossbeams) are installed as crossing poles in crossing 
rivers, gullies, hi^Vfays, and railroads} they are also used as 
entrance and cable poles. 

Semi -anchor, reinforced, and anti-wind poles are used to 
increase line stability on straight* runs. They are installed 
when the number of conductors to be strung is greater than six 
and only on lines of types U and OU. On lines of type N 1hey 
are installed for 2^ oonductors or mere, one every 3 kHomet-erB? 

Semi-anchor poles are used only when the conductors are strung 
on crossarms. If the conductors are strung on hooks, reinforced 
poles are used; these differ fran the intermediate poles in that 
they are strengthened by two braces located parallel to the lin«. 

Anchor poles are used in erecting lines with reinforced- 
concrete poles. Such a pole consists of two intermediate pdles 
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(Figure 12.2 or 12,3 ). If an anchor pole is used to strengthen 
a line, it is reinforced by four guys directed along the line, 
h'hen the anchor pole is a terminal pole, it is reinforced by two 
guys opposing tlie pull of the conductors. Guys are fastened to 
the pole tJith a special collar of strip steel. 

An anti-vind pole (Fi^^re 12.5) consists of a pole and a 
bi’ace uith a crosslog. The anti-wind pole is erected on the 
line so that the brace is parpen dcular to the line. The 
braces are located alternately on one side of the line and tlien 
the other. The brace and crosslog are fastened with bolts so 
that the pole resistvs tine wind in any direction. 

The arrangement of anti -wind, sesni-anchor, reinforced, 
and anchor poles is shown in Figure 12.6. 

A sectional, reinforced-concrete, anti-wind pole consists 
of an intermediate pole (ligure 12.2) reinforced by two guys 
perpendicular to the direction of the line. 

In swampy grounds all poles are reinforced by two braces 
joined by sleepers. The braces are placed in a strai^t line 
in the plane perpendicular to tlie line, and at an angle as in 
ordinary an^e braces (Figure 12.7). 

A coiner pole is used at a point of change in direction 
of line, in addition to tiie loads acting upon an intermedia to 
pole, the comer pole is subject to additional loading due to 
side pull of the conductors at the bend in the line. This ad- 
ditional loading is the resultant force of the conductor stress. 
Ihe greater the angle of deflection and the greater the con- 
ductor loading (ice, wind), the greater the resultant force. 
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In overhead conanuni cations lines j instead of the angle of 
j deflection, the expression ’’normal departure of angle” is used* 

i By ’’normal” departure of angle is meant the length of the per- 

pendicular from the vertex of the angle foimed by extensions of 
the conductors strung on an angle pole to a strait^t line join- 
ing two points of the line of conductors, each of which points 
is ^0 meters avjay from tirte vertex of the angle (figure 12.8) * 

The normal departure must not exceed 1^ metei's, which cori’es- 
ponds to an inner angle of 14^ degrees or an angle of delecticn 
of 180 - 14$ a 3$ degrees. 

Before stringing the conductors a comer pole is reinforced 
with braces or guys. 

Braces and guys are installed in the direction of resultant 
stress of the conductors and must not interfere with pedestrian or 
transport traffic. Guys are used when reiiiforcement with a sin^e 
brace is inadequate or when it is not possible to install a brace. 
Centrifugated reinfo reed- con Crete poles are reinforced with guys. 

k general view of reinforcement of a corner pole with a 
brace is shown in Figure 12.$. In order that tine top of the brace 
will fit snu^y against tiie pole a grooved depression is made in 
it. H:ie depth of the depression clepeiidB on the diameter of ths 
pole. The area of contact of the brace with the pole is smeared 
with creosote. The diameter of the brace must not be less than 
four-fifths the diameter of the base pole. The upper end of the 
brace is fastened under the t^iird or fourth hook or under the third 
crossarm, counting from the top of the pole. 

Instead of a bolt, line wire wi1h a diameter of not less than 
U mm may be used to fasten the logs to a comer pole. 
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A general view of a pole reinforced with a guy is shown in 
Figure 12.10. 

The guys are made of nevi steel line wire with a diameter of 
U or i; mm. The number of strands Is determined by calculation or 
from -die tables given in Pravila proyektirov aniya^ s troitel^stva 
1 remonta voadushnykh liniy svyazi [iiules for Designing, erecting, 
and Repairing Overhead Communications LinesJ (Svyaz*izdat, 1932). 

For twisting of guy wires, two poles are installed at a aistance 
twice the length of tine guys to be made up and between them the 
appropriate number of strands are run off. The wire is passed 
through evenly spaced openings in a circle on a special platej 
rotation of the latter tviists the strands (guy). 

Vv'hei up to eight conductors are to be placed on hooks the 
upper end of the guy is fastened beneath the ttiird hook and when 
up to twelve conductors are to be so placed the upper end of the 
guy is fastened beneath the fifth hook — counting from the top 
of the pole, bhen the conductors are to be placed on crossarms 
the upper end of the guy is fastened beneath die second crossam 
from the top. 

Pole guys are fasteaeci in the following manner i 

two full wraps of the upper end of the guy wire are 
made around the pole (Figure 12.11) and one of the strands at 
the end of the wire is bent back, while the rest of the strands 
are pressed snu^y against the main wirej 

the strand which was bent back is firmly wound around 
the main guy find the adjacent end piece with not less than five 
turns; the remainder of the strand is clipped off; 

a second strand is bent out and wrapped around the guy wire 
and the remaining strands with not less than five turns; this procedure 

is followed with each of the remaining strands. 

. 
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Viith not more than six conductors to be strung the guy may 
be fastened to the pole with line clamps. With a large number of 
conductors the guy is fastened with a barge spike or lag screw 
driven into tiie upper part of the pole directly boneatl'i the guy 
wires, 

Guys on a centrifugated reinforced-concrete pole are fastened 
with a collar of strip steel, 

The lower end of the guy is fastened to an anchor by means 
of pulleys which are fastened at one end to ti'ie anchor strap and 
at the other to the guy wire. The guy wire is drawn up and passed 
through the loop of the anchor strapj the end is then untwisted 
and pressed to the main guy. The rest of the fastening proceeds 
in the manner described above. 

The wire strap for the anchor (Figure 12.12) is a twist of 
steel strands of the same diameter as used in the guy. Tl:\ere are 
twice as many strands in the strap an in the guy. The twist of 
the strap is in the same direction as the tv.ist of the guy. 

Anchor logs must be made of sound wood. The sound part of 
old poles may be used for this purpose. Log dimensions and set- 
ting depths are given in Table 12.9. 

In rocky gro^md where it is not possible to dig a hole the 
guy wire is fastened to a steel rod cemented in the ground. The 
cement solution contains cement and sand in a ratio of li3. 

In order to fix guy wires in soft ground a three-log ar- 
rangement is used. 
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If the guy Vrfire must be carried over 0 road or any obstacle, 
ttien guy poles (Figure 12.1U) are used. Ihe guy pole is set at 
the same depth as ttie main pole and is reinforced witl:i counter- 
guying* Two counter-gijys are attached to this pole at a height 
of 3 meters above round. 

TAHLE 12.9 


LOG DILLi' 

.sioi,s Au; 

; SETTIIiG LiiPTti 


ho of strands in e 

Lok 

bog 

Setting 

guy with a diameter of 

length 

diameter 

depth 

U nsn 9 i«m 

cm 

era 

m 

d 

120 

13 

1*1 

6 h 

120 

16 

1.2 

9 6 

190 

20 

1.3 


The distance of the anchor of a counter- guy from the base 
of the {guy pole must be equal to the heigtit of the guy pole* 
Beneatti tiie butt end of a guy pol^ Installed in weak ground 
crushed stone or a foot plate is placed* 

Beneath tiie butt ends of reinforced-concrete poles in all 
grounds except ci*aggy or rocky ground it is necessary to place 
logs, and in swampy localities it is necessary to insert a woodori 
plug into ttie tubular butt of the pole in order that water will 
not enter the tube of the reinforced-concrete pole* 

Test poles are designed for testing and locating faults 
along conductors* They are erected at railroad stations at points 
convenient for servicing* On lines along paved roads and dirt 
roads they are erected at the buildings of test points and com- 
munications enterprises or near the residence of a line inspector. 
Coiner poles must not be used as test poles, and adjacent spans 
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nrust be identical. The test pole differs from the usual inter- 
mediate pole in that it is equipped vitli test straps if the con- 
ductors are strung on crossarms or with test brackets if the 
conductors are stinong on hooks. 

The line conductors are strung from a test pole in the fol- 
lowing manner, Thie conductors are cut and the end of each is 
wrapped around the neck of an insulator and fastened with a dead- 
end tio. Steel conductors are fastened by iTieans of a binding 
wire, and nonferrous conductors are fastened by means of copper 
sleeving. Stranded aluminum- clad steel conductors are fastened 
by means of aluminum sleeving. The ends of the line conductor 
used for the connection are tinned and wrapped 2-3 times around 
the conductor, then tiiey are turned up as shown in Figure 12.15* 

The turns of the left and ri^t ends of the conductor must be 
made in opposite directions. Both ends of tite line conductor are 
connected and disconnected during tests by means of a test clamp, 
a general view of which is given in Figure 12,16. 

If the conductors are placed on crossarms, then for conven- 
ience in testing the conductors an additional crossann (without 
pins) is mounted on the test pole. With one or taco crossarms tlie 
additional crossarm is mounted 60 cm below the second crossarm. 

If there are more than two crossarms, the additional crossarm is 
mounted 60 cm below the last one. 

The test pole must be equipped with a li^tning arrester. 

In populated localities and in establishing crossings, when 
the size of Hie main poles are such that the necessary clearances 
are not provided, longer poles are erected or poles with reinforced- 
concrete or wooden attachments are erected* 
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TJhe following tj-Tpes of reinforced-concrete attachmeits 
are produced t 

a, siri^e attachments of types Pfi-0, PK-i, PK-2, and 
PK-3 (Figure 12.17) installed singly or in twoi ' at the pole; 

b. paired attachments (with lijdit-duty reinforcement) 

of types SP^-21, SPR-22, and SPR-23 installed in two^ at ttie pole 
(Figure 12.18). 

Dimensions and weights of the attachments are given in 
Table 12.10. 

Tuj31>L 12.10 

niMiLNhlOKS AND hitlGLTS OF 
sihirn'ORCED-CrmaiLTL ATTAChMihTS 


a tta chraen t 

M.raension8 

cm 

Diameter of re- 
inforcement, ram 

attachment; 

^PR-21 

8x10x270 

6 


FPR-22 

12x10x280 

6 

8U 

SPR-23 

16x10x290 

6 

115 

PR-0 

13xiUx270 

10 

123.5 

PR-1 

lSxLUx270 

12 

138 

PR-2 

l?xaljx280 

12 

162 

PR-3 

20xlUx290 

12 

196 


The types of reinforced-concrete attachments which must be 
used in reinforcing wooden poles according to hei^t and number 
of conductors are given in Table 12.11. 
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TnBLE. 12.11 

TYP^S OF AmcliMH^TS FOii iiiFCTING hOODBi FOLl'^ 

Overall length 


lo of con- 
ductors 

Profile 

No 

of pole with 
attaciiment 

m 

0 

Line 

N 

Types of 

types 

U 

attachments 

OU 

k 

1 

6.5 

PR-0 

PR-1 

PR-1 

PR-1 

6 

1 

6.5 

PR-1 

PR-2 

PH-2 

PR-2 

8 

1 

7.5 

PR-1 

PR-3 

2XSPR-23 

2xSPK-23 

10 

1 

8.5 

PR- 2 

2xSFR-23 

2XSPR-23 

2xSPR-23 

12 

5 

0.5 

PR-3 

2xSPR-23 

2xPR-0 

2XPR-0 

16 

2 

8.5 


2x]->R-0 

2xPR-0 

2XPS-0 

16 

6 

7.5 

2xPPR-23 

2xPR-0 

2XPR-0 

2xPR-0 

20 

'3 

7.5 

2xl-'R-0 

2XPR-0 

2XPR-0 

2xPR-0 

20 

7 

8.5 

2xSPR-23 

2xPR-0 

2xPR-0 

2xPH-0 

2U 

4 

6.5 

2xSPR-23 

2xP8-0 

2xPR-0 

2XPR-0 

32 

u 

7.5 

2XP11-0 

2xPR-l 

2XPR-1 

2XPR-1 


if The numeral before the letters indicates that the pole is re- 
inforced with two attachments. 


In reinforcement with the attachments listed in Table 12.11 
the lengtlri of span and -the setting depth of the pole must corres- 
px>hd to the values given in Table 12.7. 

If the reinforced-con Crete attachment does not extend far 
enough into the ground, it is built down with a wooden piece 
fastei^ed to it by means of a wire strap. The length of the piece 
is chosen according to the setting depth for the pole as given in 
Table 12.12. 

* $9 - 








UiLJi 12.12 

Oi PI i'.Cii i.CGUivJjIi^ G Tu 

SiOTIW G GhPIK OF PXF 

Setting depth of pole, m lengtiri of piece, m 

l.k 0.7 

1.5 0.6 

1.7 1.0 

A single v?ooden attachiaeiat fitted to a pole witii a length 
of up to and including 6.5 m i^iust be of the same diameter as the 
reinforced pole at the ground level (figure 12.19) and a double 
vooden attaciiraent must have a diameter equal to that of the top 
of the pole. 

Ttie wooden attachments are fastened to the pole in the 
direction normal to the line by means of wire straps. The wire 
of tlrie straps is tightened by means of a special crowbar, care 
being taken not to overtwist tlie straps and break them. The 
number of turns in each strap is determined from Table 12.13. 

Reinforced-concrete a ttacMents are fastened to the pole 
along the axis normal to ttie direction of the line in such a way 
that the overhang of the attachment is facing the pole. These 
attachments may also be fastened to comer, semi-anchor, terminal, 
and other compound poles. 

In loading, unloading, and hauling the attachments they must 
not be dropped, since the concrete may split and fine cracks or 
even visible cracks appear in the attachments. 

Cracks in the concrete may considerably shorten the service 
life of the attachments by hastening weathering of the protective 
layer of concrete and corrosion of the reinforcing materials. 
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TABLb 12*13 



iUJMiii’H OF TUiO^iS OF 

i'lKF IN STliAPS 


Number of 

conductors 

Type of line 

Number of 
5 ram 

turns in strap 
U mm 

2-6 

0, N 

- 

h 

7-12 

0, N 

4 

h 

13-16 

0, N 

4 

k 

17-2U 

0 

h 

4 

17-2lt 

N 

k 

6 

25-UO 

0 

4 

6 

25-UO 

N 

6 

8 

2-6 

b, Ob 

4 

4 

7-12 

D, OU 

4 

6 

13-2U 

U 

6 

6 

13-2U 

OU 

8 

10 


Special care must be exercised in preparing the wooden piece 
(insert) to be installed in the lov,er (buried) part of the paired 
attachments, for with a piece of incorrect dimensions the attach- 
ments will bend when tied and cracks may appear in the concrete. 

aiAPTEh 13. MATi^AhS. AwD ACCEESOKEES 

13.1 Wire 

An electrical circuit on overhead coirmiuni cations lines must 
provide transmission of ccmimuni cations si^^als over the necessary 
distance, that is, the conductor must possess the lowest possible 
electrical resistance. Moreover, the conductor must possess addi- 
tional mechanical strength, for it is subject to loading due to 
its own wei^t, icing, and hoarfrosti it is subject to wind pres- 
sure; it is subject to temperature effects. With respect to these 
factors conductors must meet a number of requirements, the most 
important of which are the following* 


- - 





Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230012-7 


the mateiial of the conductors roust possess the ioviest 
possible electrical resistance, ©specially in the case of long- 
distance conductors on which hij^^-frequency currents are trans- 
mitted! 

the conductors must have high mechanical strength, they 
must be resilient, not brittle; 

the service life of conductors roust be as long as possible; 
that is, tifiey roust not corrode (disintegrate due to oxidation) 
when strung on the line. 

These requirements are met by a bimetallic conductor having 
a steel core covered with copper (thickness of the copper coating 
is 0. 2-0.4 rom) and a tensile strength of not less than 75 kg/mm^t 
a steel -reinforced aluminum conductor (stranded) having a steel 
core with a diameter of 1.6 rom and a yield strength of 120 kg/inm^ 
over which are wound six aluminw. wires with a diameter of 1.8 ram 

each, as well as a hard-drawn copper wire with a tensile strength 
2 

of 42-43 kg/mm • In line use tliis wire is covered with a layer of 
copper oxide beneath which further corrosion practically does not 
occur. 

Steel wire is used for telephone conununica tioris over shoirb 
distances, It has a rather high yield strength of 37-55 
Du© to the extremely sharp increase in resistance in transmitting 
hi ^-frequency currents over steel conductors, they are used only 
for frequencies up to 25 kc (that is, for low-frequency telephony 
and three channels of hi ^-frequency telephony) . 

The disadvantage of steel wire is its extreme susceptibility 
to rust. An increase in the service life of steel conductprs is 
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achieved by galvanizing the conductors and also by adding copper 
to the steel. The service life of steel wire with a copper con- 
tent (O# 2-0.14. percent) is approximately $0 percent longer than 
wire without a copper content. 

For the installation of the different types of principal 
crossings the strength of tiie line wire is inadequate. In a 
principal crossing span steel cables with a tensile strength of 
lUO kg/im^ are used instead of steel line wire, and stranded bi- 
metallic conductor with a yield strengih of 70-75 kg/inm^ or 
bronzed wire is used instead of conductors of nonferrous metal. 

Upon receiving wire at the plant for overhead communica- 
tions lines it is inspected, its diameter is measured, and it is 
tested for tensile strength, bending, winding, and twisting in 
accordance with the prescribed technical specifications. 

Ohe technical specifications for line wire are given in 
Table 13. 1 and for binding and jointing wire in Table 13.2. 

[See Table 13.1 Page No 6k] 

Steel line wire is fastened by means of galvanized soft 
steel wire. Vdres of nonferrous metals (copper, bimetal) are 
fastened by means of soft copper wire. Steel-reinforced aluminum 
wire is fastened by means of aluminm wire with a diameter of 3 mm. 

[See Table 13.2 Page No 
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TABLi, 13.1 

LIKL lIKii Uj[^']iiLii.Ch UTA 


Viire material 

Diameter 

Yield 
strength 
not less 
than 

Min. No of 180 -deg. 
bends wire roust 
sustain in vise 
with Jaw radius of 

Min. 

hank 

wei^t 

Wire used 
per km of 
new line 


(mm) 

(kg/mm^) 

10 mm 

(kg) 

(kg) 

copper 

U 

42 

6.5 

50 

113 


3.5 

42.5 

8 

48 

86.5 


3 

43 

8.5 

35 

64 

bimetallic 

k 

75 

8 

40 

106 


3 

75 

8^ 

25 

59 

steel 

5 

37 


50 

155 


k 

37 

- 

40 

100 


3 

37 

- 

25 

56 

steel-reinforced 

aluminum 

(stranded) 

5.4 

120/I7*t 

- 

So 

70 

bronzed antenna wire 
(PAB) witii cross- 

section of 25 ram^ 

7.4 

72 

- 

- 

- 

bronzed antenna wire 
(PAB) with cross- 

section of 10 mm^ 

4.6 

75 

- 

- 

- 

twisted steel cable 

1x7-4.2-140-1 

4.2 

140 

- 

- 

. 

1x7-6.0-120-1 

6.0 

120 

- 

- 


1x7-6.6-140-1 

6.6 

140 

- 



1x7-7.8-140-1 

7.8 

140 

- 

- 

.. 

1x7-9-140-1 

9.0 

140 


. 



^ Number of l80-degree bends in vise witii Jaw radius of 7.5 mm. 
Numerator indicates yield strengtii of steel strand and de- 
nominator indicates yield strength of aluminum strand. 
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T/lBLE 13.2 


idilFE 

hliiiCJiu iviTA FOi 

ii djMuIfcG 

ivlii-/ JUJiiTIi’iG VixKi- 


Vilre 

material 

Di- 

ameter 

(mm) 

Minimum 

yield 

streng;^ 

(kg/mm^) 

Minimum 
ho of 
l60-degree 
bends 

Hin. 

hank 

weight 

(kg) 

soft copper (MK) 

2.5 

a 

- 

25 

soft copper 04M) 

2.0 

21 

- 

20 

soft copper (HM) 

1.5 

21 

- 

20 

soft copper (MK) 

1.2 

21 

- 

15 

soft cooper (MM) 

1*0 

a 

- 

15 

galvanized steel 

2.5 

- 

13 

20 

galvanised s-teel 

2.0 

- 

15 

15 

galvanized steel 

l.d 

- 

17 

10 

galvanized steel 

1.0 

- 

18 

5 


13*2 Insulators 


Insulators are made of insulating materials whidri are di- 
electrically stable under varying weather conditions and have 
suitable media r;i cal strength and stability in the presence of 
sharp changes in temperature. Among such materials are porcelain 
and ^ass. However, the rated value of insulation of circuits 


lation of hi^-grade insulators and by regular cleaning of 'Qieir 
inner and outer surfaces. 


Insulation of line conductors is achieved by the use of 
porcelain insulators of the TF (telephone, porcelain) typej in 
■the case of conductor entrance equipment insulators of "the VB 
(entrance, large) type and VM (entrance, small) type are used# 
Depending on the material and diameter of the conductors to be 
strung, use is made of the insulator types listed in Table 13.3. 




Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230012-7 





Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230012-7 


TAI2.E 13.3 

PRIi'jCIPAL mAmSlom USii^S of BiS'uLATOHS 

Dimension 8 1 mm 


Insulator 

type 

Use 

hei^t 

diameter 

inner 
diameter 
of thread 


TF-2 

For steel conductors with 
diameter of 4-5 ram and 
for conductors of non- 
ferrous metals 

108 

75 

22 

0.62 

TF-3 

For steel conductx)rs with 
diameter of 3 mm 

86 

61 

20 

0.35 

va 

For entrance equipment of 
conductors with diameter 
of 4 and 5 mm 

132 

92 

22 

0.68 

VM 

Same, for conductors with 
diameter of 3 mm 

103 

70 

18 

0.35 


13.3. HookSi Crossamst and Hns 

Kooks are made of round steel and are distinguished by typei 
KK-20, KN-16, and KI'i-l6. The letters Kh signify "Inook for low-volt- 
age insulator,” and the numeral indicates the diameter of the steel 
from which the hook is made. The uses of hooks and their principal 
dimensions are given in Table 13*4. 

TABii>E 13.4 

PRINCIPAL IIMFNSTONS AND USl!^ OF HOOKS 
Dimensions, ran 

Hook hook diameter of overall length Weight 


type 

Use 

diameter 

pin section 

of hook 


KH-16 

For insulator types TF-3 and VM 

16 

16 

170 

0.5 

I® -18 

For insulator types TF-2 and VB 

18 

16 

210 

0.85 

iM-20 

Same, but on angle and teradnal 
poles 

20 

16 

ao 

1.05 


In the absence of a KN-20 hook for a comer pole two hooks of 
normal dimensions are used. 
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CroBSorms serve to decrease the required length of poles in 
stringing a large number of conductors and also serve to obtain 
the required electrical characteristics in stringing more than two 
circuits of nonferrous metal. The principal mateiials used in 
making crossarms are wood and steel. Tlie ei^jht-pin and six-pin 
vooden crossarms (Figure 13»1) have found the widest use. Fight- 
pin crossarras are used for striiiging of telephcKie conductors and 
six-pin crossarms are used for telegraph conductors. The types of 
wood used for crossarms arei oak, pine, larch, spruce, and cedar. 
For four-pin crossarms fir is also used. Crossarms are fastened to 
poles with bolts l6 mm in diameter and also with steel braces with 
dimensions of i:>x2i>x6lO mm. The braces are fastened to the cross- 
arms with bolts 10 ram in diameter and to the pole with lag screws 
12 mm in diameter and 100 mm long. 

Steel crossarms are made of equilateral angle iron with di- 
mensions of 50x^Ox6 ram for lines of types 0 and h and with dimen- 
sions of 60x60x6 for lines of tyq^es U and OU. 

Given the large loads which occur on corner, terminal, and 
other special poles, two crossarras are mounted. Double crossarms, 
both of wood and of steel, are mounted in the following casesi 

on comer poles — with a normal departure of angle of Y.i m 
and more; 

on sectional, cable, crossing, semi-anchor, teiminal, and 
other special poles with a span 50 percent greater than normal; 

on poles adjacent to entrance poles, on lines of types N, 

U, and OU. 

Pins are used to fastoi the insulators to crossarms. The 
uses and principal dimensions of pins are given in Table 13. 5« 
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Type 

of 

pin 

ShT-2D 

ShT-3D 

ShT-2S 

SI 1 T- 3 S 

ShU-2D 


aij<K-2 

Sht5S-2 


TABLE 13.^^ 

HE ELK SIGNS AND USEvS 


Use 

Dimensions, 
diameter 
overall of pin 
lengtii shank 

win 

diameter 
of pin 
head 

of in- 
sula tor 

For wooden crossarms 

2 aS 

16 

16 

TF-2 

For wooden crossams 

22 s 

16 

15 

TB'-3 

For stedl crossanns 

1U5 

16 

16 

TF-2 

For steel crossarms 

125 

16 

15 

TF-3 

For wooden crossarms of 

lengthened spans and comer 
poles on lines of types U 
and OU with departure of 
an^e greaLer than l 5 in and 
conductors with diameter of 
$ mm 

250 

22 

16 

TF-2 

Same, for steel crossarms and 
for test straps and brackets 

160 

22 

16 

TF-2 

For L brackets and straps for 
transposition of conductors 

155 

20 

16 

TF-2 


aiAPTER lu. msic ihroimnm on mE coNSTRUcua^ 


OF 0¥EltH3\D CrWiUNI CATIONS LINES 


lUele General Reguix^emerits — Clearances 

Communications lines must meet the following requirements: 

They must pass along railroads, highways, paved roe as, or 
dirt roads. 

They must have the smallest possible number of crossings 
with other lines. 

Poles must be located beyond ditches (gutters) or roads, 
within the limits of cleared side strips and chiefly at the edges 
thereof in order to allow for widening of the highway or railroad. 


an 

weight 

kg 

0.46 

0.3B 

0.32 

0.29 

0.8 

0.51 

o.u 


. a - 
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I 



I 

I 

! 

j 

Wherever possible they must not run parallel to trolley 
and high-voltage lines, anu they must not interfere with the 
moveinent of traffic, cross garaens, parks, plantings, sports 
areas, etc. 

They must be removed from high-voltage transmission lines 
by the distance defined in Pravilami ograzhdeniya sooruzheniy 
svyaai i sifflalizatsii ot vrednogo deystviya ustanovok sil^nogo 
[Rules for Protecting Communications and Signalling Equip- 
ment Against Undesirable Effects from Heavy-Current Ins tailati one J 
(Svyaz* izda t, 1943) and Pravilami zashchiti ustroystv provodnoy 
svyazi ot meshayushchego deystviya kontaktnoy seti elektricheskikh 
zheleznykh dorog postoyannogo toka [Rules for Protecting Wire Com- 
munications Installations Against Interference from Ihe Contact 
Systons of D-C Electric Railroads] (Transzheldorizdat, 1948 )» 

They must be located not less than 0.5 kn a\ ay from airfi.bld. 
perimeters) the erection of communications lines 0.5 to 1 km away 
from airfield perimeters must be carried out only after consent is 
obtained from those offices which are responsible for management 
of the airfields. 

Poles must not. ho (Q>»<actoh +/N ^4 T 

W w WJ. UJ. V J 

where there is danger of lines being broken by falling trees), nor 
in swampy areas or areas subject to flooding. 

Wire mains must be strung above wires used for communications 
over a short distance. 

The conductors over the extent of a repeater section must 
maintain the same spacing. 
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Stringing of conductors of intra-rayon communications (third- 
class lines) on first class lines is permitted with approval of the 
project in each case by the Ministry of Communications, and on 
second class lines, witli the approval of tiie diief of the communi- 
cations administration (oblast, kray, republic)* Stringing of 
wire-rebroadcast conductors and city telephone conductors cm first 
class and second class lines is not permitted. 

In the construction and operation of overhead communications 
lines the established clearances (Table lk,l) must be strictly ob- 
served. In determining clearances it is necessary to consider the 
maximum sag of conductors which will result with tiie highest tempera- 
ture for the given localiiy. 

[See Table l4.1 Page ho ?3i] 

14.2. Laying Out Lines 

Laying out of communications lines is performed from the 
beginning of a line to ttie first turn and between points with 
changes of direction which are the starting points for laying out 
lines. In laying out a line careful attention must be given to 
span lengths, especially for communications lines with composited 
circuits. In order to lay out a line it is necessary to have 5 a 
surveyor* s chain for measuring spans, wooden stakes 3-U m long, 
wooden pegs 30-10 cm long and with a diameter of 3-4 cm for marking 
pole locations, and a steel sapping spade. 

Laying out of a line in straight sections is performed with 
three stakes in the following manner. At the beginning of the 
line or at a point of change in direction stake ho 1 is placed. 

In the chosen direction place stake No 2 so that it can be seen 
from stake No 1. Next to stake No 1 drive pegs to indicate the 
location of the first pole. 
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TAfi.E, l4.1 

a.E/vR/^CEFi OF SUPPORT AND COi^lAjCTOl^ 

Minimum 

clearance 

Type of clearance 

Distance from ground to lowest conductor on lines running along railroads 
outside populated localities 

Same, on lines running along hi^ways or dirt roads outside populated 
localities 

Distance between the lovjest conductor of one (upper) line ana the hipest 
conductor of another (lower) line at a crossing, with lowest and highest 
temperatures 

Distance between the lowest point of the lowest conductor of a line and the 
peak of a roof 

Distance between the lovjest conductor of a line and the rail head in cross- 
ing a railroad with standard or narrow-gauge track 

Distance from ground to lowest conductor of lines crossing highways, dirt 
roads, field (steppe) roads 

Distance from ground to lowest conductor of lines on the periphery of a 
populated locality 

Distance from hi^iest ship mast at hi^ flood to lowest conductor of line 

Distance from line pole to nearest rail head with line running along rail- 
road bed 


Distance from tree branches to conductors^ 
in cities 
in suburban areas 

Distance from structures to poles with lines passing homes, booths, 
barracks, et al 

Distance between poles close to one anotheri 
with steel circuits only, not less than 

when one or both lines has nonferrous circuits composited with a 3-chann6l 
system, and also when one of the lines has a nonferrous circuit composited 
with a 12-diannel system 8*5 

when both lines have nonferrous circuits composited with a 12-channel 



m 

2.5 

3.0 

0.6 

1.5 

7.5 

5.5 

U.5 

1.0 

1 1/3 the 
hei^t of 
the pole 
above 
ground 

1.25 

2.0 

3.5 

8.5 
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From stake Uo I mark off the distance of a span with the 
surveyor* 8 chain. The precise location of the second pole is 
established by placing stake ho 3 in line wibri stakes ho 1 and 2. 
For this purpose stake Ko 3 is noved to the ri^t or left until| 
as viewed from stake ho 1, it blocks out stake Ho 2. Hie loca- 
tion of the second pole is marked by a peg on which tlrie pole 
number is written. 

Subsequent pole locations are determined in thie same manner. 

In crossing frcyi a pole of normal hei^^t to higher poles it 
is nocessaiy to use crossing poles of various heights according 
to the data of Table 3.U.2. 

TABLE IU.2 

hJilCHT Or C-.0fS,IIG POLES 


Height of 

base pole, m 

Hei of 

tallest pole, m 

Dimensions of 
in termedia te 
crossing poles, ra 

6.5 

11 

6.5 

6.5 

13 

6.5, 10 

6.5 

15 

8.5, 11 

6.5 

19 

8.5, 11, 15 

7.5 

u 

8.5 

7.5 

13 or 15 

9.5, 11 

7.5 

17 or 19 

9.5, 11, 15 

8.5 

13 

10 

8.5 

15 or 17 

11, 13 

8.5 

19 

11, 13, 15 
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Spans adjacent to comer poles must be of normal length with 
the exception of lines of types U and OU on which^ with six con- 
ductors or more and with the normal departure of angle greater than 
7.5 m, the length of the adjacent spans must be half the normal 
length. Poles adjacent to comer poles are reir. forced vjith braces 
parallel to -tiie line from the corner pole with the departure of 
angle 7.5 m and more and with the following number of strung 
conductors: on lines of types 0 and N, 24 and morej on lines of 
types U ana OU, 12 and more. 

On steep grades when adjacent poles are located one liiilior 
than the other by 0.2 a span length or more, poles carrying i6 
conducoors and more are reinforced by extended guys in the uphill 
direction or by braces from the downhill side. With up to five 
poles on the slope only the pole at the top of the hill is re- 
inforced. With a large number of poles every fifth pole is re- 
inforced and two poles at the top of the hill. 

14,3. .Digging Holes, Rigging and Setting Poles 

In the construction of overhead communications lines over a 
wide area the greatest productivity of labor in digging holes and 
setting poles may be achieved by performing these operations with 
the use of a combination derrick and pole-hole digger of the type 
BKGM-M mounted on a GAZ-67 truck. This assembly permits digging 
holes up to 1.5 m deep and with a diameter of 0.35-0.5 “^he 
time directly consumed in digging a single hole in soft or firm 
ground ranges from kO seconds to one minute. In ground frozen to 
a depth of 0.6-0. 8 m the digging requires 2-2.5 minutes. 

The personnel working with the digging machine consists of a 
driver and a digger. With this assembly 120 poles may be set with- 
in an eight-hour workday. 
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Holes may also be dug manually by means of a special hole 
digger. The hole digger designed by V. M. Nefedov consists of 
two shovels a (figure lU.l) attached to wooden handles b and 
joined by a hinge c. Tlie shovels are made of No $ sheet steel 
2 mm -thick. The handles for the digger are usually made from 
the butt-ond section of a straight- grained birch. 

The hinge permits separation of the shovels (before clamp- 
ing the soil) or closuro of the two with the soil cau^t between 
them. 


In swampy ground a hole is easily dug wi-th one of these 
hole diggers and without any additional instruments. In dig- 
ging a hole in soft ground it is necessary to have an ordinary 
spade in addition to the hole digger, and for digging in hard 
ground a chopping blade (Figure 14,2) is also necessary to loosen 
the soil. 

Digging of holes in soft ground viith tlie hdc digger begins 
with use of the spade for removal of a circle of soil 350 mro in 
diameter from around the peg marking the pole location. Accord- 
ing to the ease with which soil may be removed with the spade, 
the hole is dug to a depth of approximately 0,5 m. 

For further digging of the hole with the special hole 
digger the soil must first be loosened with the chopping blade. 
The hole digger is then opened to the diameter of the hole and 
is thrust into the ground. By changing hands on the handles of 
the hole digger the worker draws the shovels together, clamping 
the soil between them. With the shovels held in this position, 
the hole digger is removed with the clamped soil from the hole. 
Opening the hole digger, the worker places -the soil around the 
hole • 
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The instrument must be kept clean and the cutting edges of 
the shovels must be un rive ted and sharpened. This considerably 
lif’htens the work and increases the productivity of labor. In 
small-scale operations holes are dug manually in the foim shown 
in Figure 14.3. For poles adjacent to comer poles or teminal 
poles the holes are dug so that the widened part is in the di- 
rection of the comer pole or terminal pole. Holes for guyed 
comer poles are dug with the widened part on the side opposite 
the pull of the conductors) holes for braced comer poles are 
dug wilh the widsnoc part in the direction of the conductor puix. 

In digging holes in populated localities it is necessary 
to place a barrier and \^aming si^s around the hole and at night 
lighted lanterns must be hung from the barrier. 

In digging a hole the soil must be thrown back at least 
0.4 m away from the hole. Rocks encountered in digging must bo 
thrown beyond the removed soil in order to prevent them from 
rolling back into the hole and injuring the worker. 

Rigging of a wooden pole consists in tid-iraning off the re- 
mains of outer and inner bark, roofing the pole, marking off and 
boring the holes for hooks and crossarm bolts, screwing in the 
hooks, fitting insulators on them, preparing crossarais, mounting 
them and placing brackets or straps at transpositd.on points for 
telephone circuits. 

Ihe top of the pole is roofed as shown in Figure 13.1. Poles 
with a single-side bend are roofed so that the bend of the pole is 
in the direction of the line. All poles should be erected so that 
the ridge of the roof is parallel to the line. 
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If a pole is equipped with hooks ana it is not anticipated 
that crossarra suspension will be employed at a later date, the 
ridge of the roof must be perpendicular to the direction of the line* 

Holes for hooks are bored on both sides of the polet on lines 
of types 0 and K tliese holes will be 40 cm apart, and on lines of 
types U and Qli tiiey will be 60 cm apart* Ttie distance from the 
first hook to the top of the pole should be 15 cm* Ihe disi:^nce 
between crossarm gains should be 60 cm. 

Ihe deptti of holes for screwing of hooks should be 1 cm 
less than the threading of the hook* Hooks are first screwed into 
tkie pole by hana ana then by wrench so that the distance between 
the hook and the pole is 2 cm. On corner poles and on all poles 
on lines of types U and Ou the hooks are screwed close up to the 
pole* Twin hooks are arranged as shown in B'igure 14*4. 

Crossarms are mounted on poles before ttxey are erected* 
Crossarms must be parallel to one another and perpendicular to 
the pole axis* On poles on slopes of 20 degrees and greater ihe 
bolt holes and gains are made at an angle to the pole axis equal 
to the angle of ascent of the line. 

On comer poles with a normal departure of angle of 5 to 
7*5 m and with a span exceeding the nomal by 20 to 50 percent as 
well as on pilot poles, single crossarras are mounted and reinforced 
with four braces. 

Double wooden or steel crossanns are mounted on sin^e 
poles in tiie following casest 

on comer poles — with a normal departure of angle of 
7*5 m or more; 
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on poles adjacent to entrance poles — - on lines of types 
N, U, and OU 5 

on poles vfiHi spans exceeding tlie nomal by more than 50 
percentj 

on poles crossing railroaas, paved roads, and highways; 

on entrance poles; 

on cable poles and oHier special supports. 

On centrifugated reinforced-concrete poles only crossarms 
are mounted, Tlie top of the pole is covered -witlri a cap, 

Ins’jlators are screwed or. to hooks and pins at the work 
place before erecting the pole, Uie untwisted ena of a. cable 
filler is aj)plied to the upper notched portion of the hook (or 
pin) and is wrapped closely around for the lengtii of die insulator 
threading. The cable filler is wound in the clockwise direction 
from bottom to top and then from top to bottom, ^.e thickness 
of tlrie layer of cable filler must be such that the insulator is 
screwed on with great effort. After winding the cable filler 
the end is also untwisted ano several turns are wound around Ihe 
upper part of the hook (or pin). The insulator is screwed onto 
the hook (or pin) to the limit by turning it with both, hands and 
at the vsame time pressing down. Mien in position the top groove 
of the insulator must be in line with the conductor. The insulator 
must not be turned in the reverse direction, 

Poles are erected by means of the combination derrick and 
pole-hole digger or by means of a winch. In erecting a wooden 
pole by hand it is set from the stepped side of the hole so that 
the butt extends over the hole and is no closer than 30-40 cm t© 
the rear side of the hole. While the pole is being raised a worker 
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holds a bump boaro a gainst tills side of the hole. He guides the 
outt end of tiie pole by striking it with a ram. The workers 
raise tiie pole from the top and push it till it rests against the 
bump board, bhen the pole is at the point where it can no longer 
be raised with bare hanus, one of the worJcei’s supports the tip of 
the pole with a jenny and the others, moving gradually toward the 
center of the pole, continue to raise it with jennies and pike 
poles. Kith a pole lengtii of 6,^" m or more it is necessary to 
use 3-4 jennies or pike poles. 

The use of shovels, axes, and other incidental equipment 
in the manual erection of a pole is not allowed. The workers must 
not place tlie encis of grabs or pike poles against the chest. In 
raising the pole the workers must not stand under it, 

AS long as ttiere is a worker in the hole the butt of the 
pole must not be moved for alighment or facing of the pole. 

The erection site of a pole in a populated locality must 
be guarded and bystanders must not be permitted in thie immediate 
area, 

Khen the pole has been raised the bump board is removed 
from the hole and the pole is set in line with the previously 
erected poles. If the foot of the pole is not in a straight 
line, it is moved to one side of the hole by using a tamping bar 
as a lever. The pole must be set plumb. 

After the pole has been lined up it is facedj that is, the 
pole is turned so that the hooks or crossarms are perpendicular 
to the direction of the line. The dirstt removed from the hole is 
replaced in layers of 15-20 cm and firmly packed by mechanical or 
manual tamping. The excess dirt is placed around the pole in the 
fom of a conical rise and then tamped# 
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i 

In erecting poles with crossarros the crossarms must b© placed: 
on 6traii]J:it sections of line — alternately on one side 
and the other 5 

on a corner pole — on the side of the shorter span; 
with adjacent spans of identical length — on tlie side with ttie 
shorter section of strai^t line to the next bend in the linej 
on the two poles adjacent to a comer pole — on the side facing 
the comer pole; 

at road crossings — facing the crossing^ 
on upgrades — facing upgrade* 

A comer pole should be given a tilt against the resialtant 
direction of conductor pull so that after stringing the conductors 
Uie top of the pole will coincide with the vertex of the vector 
angle. For this purpose the butt of the pole is set within the 
an^;le at a distance of 25-35 cm from the vertex of the angle. 

In those cases where the pole must oe protected against 
damage by vehicular traffic a guard stub is installed (Figure 14.5) • 
V.ithin the limits of populated areas the poleiirsre protected by 
rails, girders, etc driven into the ground next to the pole. 

ll-i-Ui. Strin^ng Conductors 

Before the wire is strung it is mireeled along the line. 

The reel is placed on a truck or wagon. The wire must be unreeled 
with care, for kinks (tightened loops) may result from irregular 
movement of the reel due to exceastvajiy free unreeling or one or 
several turns slipping from the reel. Pieces of wire having partial 
breaks, cracks, flats, or kinks must be cut out. The hank of Hire 
is wound on a reel and its free end is fastened to the pole from 
which the stringing begins. 
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In unreeliri!', wire of rionl'erroue itietai its bast or paper 
sealing must not be removed before arrivirii- at the stringing lo« 
cation. If tJrifc wire is received at the stringing site without 
such sealing, it must oe subjected to careful examination. The 
wire must not be strung if faults are detected^ a report is pre- 
pared and tlie wire is returned to storage. Hanks of nonferrous 
wire must not be dumped to the ground. 

Steel conductors are stretched out before being strung. 

For tlds purpose one end of the wire is clamped in a pulley frrip 
fastened to the base of a pole by a loop or strap. Hie other 
end of the wire is also held in a grip at a distance of 6-8 spans 
from the first pole. Hie wire is then stretched out with pulleys. 
In stretching 4- ana ^-min conductors two workers are required to 
draw the pulley ropes, and in stretching 3-mm conductors one worker 
is required. Hie wire must not be stretched after it has been 
placed on tlie insulators, Nonferrous conductors are not stretched. 

In stretching conductors in a populated locality or across 
roads it is necessary to post watchmen to keep pedestrians and 
motorists away. 

The ends ol copper and bimetallic conductors are Joined by 
meaxns of copper sleeves (Figure 14.6) and the ends of steel con- 
ductors are Joined by electric welding or thermite welding. 

Ihe procedure in Joining conductors by electric welding is 
as follows. The ends of the conductors are trimmed with a file. 

The welder then places welding clamps over the ends of the con- 
ductors so that the ends extend from the clamps by an amount equal 
to the diameter of tlrie conductor. Holding the clamp handle with 
both hands, the welder orders the welding assembly to be lowered 
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into place, \vhen the necessary voltage has been established the 
■welder depresses a knob on "the clamp handle Tliis brings the ends 
of the conductors together and they quickly be^^n to glow. When 
welding heat has been reached (which is evident from the wliite 
incandescence and fine £|;arkling), •v.ith a qivLck movement of the 
handles tlie welder closes the clamps and releases the knob. The 
resulting joint should be a strong metal bond witii a smooth, un- 
cracked boss in tlie form of a rin,: with an evenly weldea surface. 
Jagged projections on the ring indicate that the conductor has been 
overheated. Pitting of the ring indicates unuerheating. Such 
joints are unsatisfactory’' and should be rewelded. 

Thermite welding of steel line conductors is performed by 
means of a thermite cartridge ignited by a themite fuse. A 
welding 'vi.se is used in tlriermite welding. The conductors are 
held in the -vise v.dth their ends approximately midway between the 
clamps and aligned so that one conductor appears at the continuation 
of the other. The clamps are set at the limit position. The 
tliermite is slipped over the end of one of the conouctors. The 
vise is closed until the enas of the conouctors are in contact and. 
the cartridge is shifted so that its center coincides with the 
junction of the conductors. If it is difficult to move the 
cartridge along the conductor, then it is necessary to remove from 
around the joint the theniiite powder which usually forms in this 
case and to replace the cartridge. Donning protective gog^es, 
the welder dgnites the fuse. When the flame reaches the edge of 
the crater the thermite is fired. The cartridge bums out in 
6-7 seconds. The omos of the conductors do not reach full heat 
until a certain time after the cartridge is burned out. When 1he 
ends of the conductors are sufficiently heated (that is, after 
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th<ij cartridge has burned out and the metal begins to soften) 
the welder slowly brings the clamps of tl:ie vise togellier, 
gradually increasing the compression, khen the burned out 
cartridge is cooled to darkness it is struck off and the con- 
ductor is cleared of the cartridge residue. 

After welding, the conductor is given a 20-cm covering 
of bituineri (that is, 10 cm on both sides of tiie 

The reliability of the joint is tested by sudden slacken- 
ing of the pulleys. With a poor weld tiie conauctor will break at 
the joint. In joining conductors on the ground the reliability 
of the joint is checked by pulling the conductors. If the con- 
ductor breaks and products of thenriite combustion are seen in 
the break, it will indicate that the ends of tlie conductors were 
not finnly joined and, in putting the thermite cartridge on, 
thermite powder fell between tiiem. If pitted areas and blisters 
are seen in tlie break, it will indicate that the jaws of the vise 
were not sufficiently closed during welding. Mien one conductor; 
does not appear as the continuation of the other the site of the 
incorrect weld must be cut out and the v^eld repeated. Such welds 
usuallv occur due to Incorrect placement of the conductors in the 
clamps or due to premature closing of the clamps (before heating 
of the conductors to the welding temperature). In welding con- 
ductors of different diameter (for example, 4 and 5 Him) a large 
cartridge is used. 

The welder must wear dark goggles during therriite welding. 
Ihe face of the welder must not come closer than 0.5 m to the 
welding site. 
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The bunied out cartridge must be struck off away from the 
welder after it has cooled* IVie thermite fuse must be allowed 
to fall only on previously examined ground where there is no 
combustible material. 

The thermite cartridges must be kept in a metal box in the 
worker’s pouch apart from the thermite fuses and other objects. 

In stringing the conductors tliey are fastened to the first 
pole in a dead-end tie (Figure 14.7), Copper and bimetallic 
conductors are fastened to tiie tiieiminal insulators by means of 
sleeving, ii^ch conductor is reeled out and hoisted by means of a 
hand line (a rope with a hook), Cn intermediate poles they are 
placed in tlie top grooves of the insulators and on comer poles 
they are placed in the side grooves, lifting conductors onto 
the poles on ttie shoulders is not permitted. Nor is it permis- 
sible to lay the conductors, especially if they are nonferrous, 
on hooks and steel crossarms. The conductors are hoisted over 
6-8 spans and, by means of pulleys fastened w’ith a wire loop to 
the base of one of the adjacent poles, they are pulled up to the 
required sag. 

All work on a pole must be performed with the climbers 
firmly fastened to ttie legs and with a safety strap with snap 
hooks. It is not permissible to climb a comer pole and work 
from the inner side of the angle. To work with all the weight on 
one climber and with the other leg resting against the pole or a 
brace is not pemitted. 

Conductors are adjusted for the required sag in the following 
manner* 
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Next to the insulators on one oJ the spans in the middle of 
the line section to be adjusted two sagging T‘8 (Figure 14.6) 
are hung from the conductors. 

Ttie crosspieces of botii T*s are set at a value correspond- 
ing to the sag for the given span as found from Table 1U.3. 
crosspieces are fastened in tiriiv5 position by merins of wing nuts. 

The sag is aetermined from the table according to the air temjjera- 
ture (air temperature is measured with ttie thermometer in the 
shade). Trie worker on one of the poles sights across the upper 
edge of the crosspiece of his T to the crosspiece of the other 
T and given ttie instructions to araw up or lower the conductor 
until the lowest point of the span of wire is in a line with the 
upper edges of the sagging T’s. 

Ttie sag of a conductor may also be aetermined from its vi- 
bration. For this purpose the conductor is started vibrating in 
the horizontal plane by striking it with a rod from tiie ground or 
by hand from a pole and counting the number of wave trips. At the 
moment the wave is at one of the extreme positions start a vStop 
watch or note the position of the second hand on an ordinarj^ watch. 
A complete vibration of ttie conductor consists of the wave’s travel 
from tiie point at whiciri timing was be^^un until its return to this 
initial position. At tine thirtieth return wave stop the stop 
watch or note the position of the second hand on the watch and 
determine tlie time required for thirty complete vibrations. Divide 
the number of return waves (30) into the number of seconds and 
multiply the result by sixty, giving the number of return wave# 
per minute. The conductor sag is then determined from Table Ih.ii. 
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14*3 

IKSmiLEC SkCi Or COPPiiit, BIMLTAL, AMD STii£L 
O'JMDUCTOI^ IIAJ'libTEli 01^' 3-5 MM 

Span in m 


Temperature 

35.7 

40 

50 

62.5 

: 80 

100 120 150 

in 





Sag in cm 


- 30 

8.5 

11.5 

17.5 

20 

57 

92 139 207 

- 20 

10.0 

13.5 

20.0 

33 

67 

104 153 234 

- 10 

12.0 

15.5 

23.5 

39 

77 

116 169 261 

0 

14.5 

19.0 

28.0 

46 

87 

129 1^ 

6 290 

+ 10 

17.5 

23.0 

33.5 

55 

98 

lUl 203 317 

20 

22.0 

29.0 

4l.O 

65 

109 

151 222 317 

+ 30 

27.5 

36.0 

U9.0 

76 

120 

166 238 374 




TAUll 

14.4 




S/iG AS A Fljl^^C1!^ a^ 

i OF HiF M 

IJMBKR ■ 

jy' W 

^VKS 

No of 

re turn Con due tor 


No of return 

Conductor 

waves per min. 

sag, cm 


waves 

per min. 

sag, cm 

25 


176 




50 

m 

30 


122 




53 

39 

35 


90 




55 

36 

40 


69 




6o 

31 

45 


5U 




70 

22 


In stringing nonferrous conductors use should be made of 
pulleys with parallel-jaw grips. Pliers and clamps must have 
copper inserts. 
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Prior to stringing steel •reinforced, stranded aluminum con- 
ductors it must be remembered that the wire must be kept in coil# 
and on planks, and in no case should it be left on the ground 
without wrapping, since tlrie wire may rust. Moreover, the wire 
must not be dragged over the ground during stringing operations, 
for the aluminum strands may be damaged and the conductor will be 
unfit for use. 

before stringing steel-reinforced aluminum conductor it must 
be pulled in the same manner as the steel conductor. Ttie force ap- 
plied in the pulling operation is checked by means of a dynamometer 
located between the grip and the pulleys j this force should be 
equal to 150 kg. In pulling steel -reinforced aluminum conductors 
a special wooden grip, shown in Figure 14. 9^ is used. The sag is • 
set according to the data in Table 14.5* conductors must not 
be overstressedj that is, the sag must not be less than that called 
for in Table 14.5 

TABLE 14.5 

SAGS FOK STEa-iLEIhFOHCFD ALMhUM CONDUCTOR 
AT DIFFiiRI'hT TtMPfcHATUEES 

Span in m 

30.7 ho 41.67 50 62.5 

Terapera ture 


in 



Sag in cm 



- 30 

7 

9 

9 

13 

22 

- 20 

8 

11 

11 

16 

27 

- 10 

10 

13 

19 

20 

34 

0 

13 

18 

20 

27 

44 

+ 10 

19 

25 

27 

35 

56 

+ 20 

27 

34 

37 

46 

69 

+ 30 

36 

hh 

47 

58 

83 
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14, Faeteniiig Conductors to Insula -tors and tMumbering Foies 

Conductors are fastened to insulators viith binding wire 
(Table 14,6). The fastening must be secure so that the conauctors 
do not cross from one sy:an to another and do not break away from 
the insulators. On Etrai.2ht sections of line the conductors are 
tied witti two pieces of binding vdre — 50 cm long for 'If-?, insulators 
and 46 cm long for TF-3 insulators (Figure lu.iO). iiach piece is 
wrapped around the neck of the insulator and twisted up to the toj 
groove. One end of each of the wires is made longer than the otiier 
by an amount equal to the length of the groove. The long ends 
of the binding wire are brought to the opposite sides of the 
insulator across the line coihuctor and bent downward. Togetiier 
with the short ends these are firmly wrapped around the line con- 
ductor with the use of pliers. 

"hiiXiiii 14.6 

MixTHilAh ihD Ijlhh-iiTMt Or bli-DlhO Mhh 
FOK DJi'FJiJidiT nns Oh LIhL CONDUCTOR 


Line conductor 

Binding wire 

Material 

Diameter, mm 

Ma terial 

Diameter, mm 

Bimetal 

4 

Soft (MM) 

2.5 



of bi- 


Bimetal 

3 

metal 




copper 


Copper 

3.5, 4 





Same 

2 

Copper 

3 





Same 

■ 2.5 

Steel 

5, U 





Same 

2 

Steel 

3 





21inc-clad 

2.5 

Steel-re- 

5.U 

steel 


inforced 




aluminum 


Same 

2 



Aluminum 

3 
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On comer p)ol«s the conductor is fastened to the neck of 
the insulator from tlie outer siae of the angle with two pieces 
of wire of the same length as in the previously mentioned case* 

Both pieces of wire are placed togeUier and laid crosswise over 
the conductor. Then they are bent around the neck of the in- 
sulator in opposite directions and are firmly wrapped around the 
conductor from both sides of the insulator oy means of pliers 
(Figure l4,ll). 

In tying conductors bo insulators on intermediate and comer 
poles it is recoiTimenaed that the device proposed by A. V. Ivanov 
be used. This device (Fic^re 14.12) consists of a wooden block 
with a groove and two holes into which are inserted pegs of steel 
wire with a diameter of 4 ram. To one side of the block ttiere is 
fastened a steel plate on which there are four projections (brads), 
and to the other side there is fastened a plate with the edge bent out. 

hhen the usual method of tying has proceeaed to the point 
where the tie wire is to be wrapped around the line conauctor, 
the groove of the tying device is placed over the line conductor 
so that the four brads are m the side facing the insulator and 
are fastened by the peg. Then the ends of the tie wire are inserted 
into the space between the brads and the device is turned on the 
conductor in the clockwise direction until the ends of tiie tie 
wire will no longer twist around the line conductor. In the same 
manner the other two ends of tie wire are wrapped around the con- 
ductor on the other side of the ir 4 Sulator. 

The sin&Le bent edge of the plate on the other side of the 
device is designed for undoing a tie when it is to be replaced. 
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In this case the device is placed over the conductor with 
tills projecting edge facing the insulator, the ends of the tie 
wire are Qigaged behind tlie projection, anu the uevice is turned 
around the conductor until all the turns of i-he tie wire are un- 
twisted. 

Due to the action of wind the conductors strung on the line 
are in constant vibration. Two foims of conductor vibration are 
observedi horizontal vibration, which, in the presence of a 
strong breeze, causes whipping of conductors located on cross- 
ams, and vertical vibration of conductors (known as conductor 
vibration), v^hich is caused bj pressure of eddy currents of air 
set up on the leeward side of the conductor. The vibration 
increases the stress in the line conductor and binding wire and 
causes metal fatigue, leading to conductor failure. 

In addition to the above conductor vibrations (that is, 
small-amplitude vibration), there • s sometimes observed on com- 
munications lines conductor vibration in the vertical plane with 
an amplitude equal to the sag of the conductor. This phenomenon 
is known as conductor “dancing.” The cause of dancing has not 
been subjected to sufficient study. For the elimination of 
contacting and whipping of conductors it is necessary to hang 
conductor-whip eliminating (ll5P) insulators in the middle of the 
span, as proposed by G. M. Lykhin and M. A. Klimov. The USP in- 
sulators are fastened to copper and bimetallic conductors by 
means of copper binding wire with a diameter of 2 mm and copper- 
foil backing] the insulators are fastened to steel conductors b.v 
means of steel wire (Pigure 14.13). Strips of wood join the 
insulators in the horizontal plane. 
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The sei’vice iiie of conductorB on cominuni cations lines sub- 
ject to vibration may oe prolonged by the use of spring ties 
(Figure I4.I4). The chief difference between the vspring tie and 
the ordinary tie is tiiat against tl'ie line conductor and from 
both sides of the insulator there is placed a section of v;ire 
(spring) of the same diameter and material as the line conductor. 
Steel wire with a diameter of 2.5-3 mm is useo for sprinp ties 
on steel conductors, and for copper and bimetal conductors 
annealed wire of the same material and diameter as the line con- 
ductor is used. The conductor ana the end of the spring are 
bound witti tie wire. 

In order to iacilitate making the ’'special tie" (sprin--/ 
tie), V. N. Speranskiy has proposed the use of a v;rerich instead 
of the pliers. 

The wrench is made of rod steel 200 mm long ana 12 mm in 
diameter (or of strip steel ldx5 iiim). In making the wrench of 
rod steel 55 mm of one end are flattened to the dimensions laxS 
mm. Tlie remaining ld5 mm serve as the wrench handle. In malcLng 
the wrench of strip material wooden grip pieces are riveted onto 
the handle section. In the flat portion of the wrench two 4.5-mm 
holes and two 3.5-irim holes are drilled at intervals of 10 mm as 
shown in Figure 14.l5o Hie holes are slightly countersunk with a 
larger drill and the burrs are removed. 

Before using the wrench, the tie wire is pressed against 
tile neck of the insulator and both ends of the wire are inserted 
into the holes of corresponding diameter in the wrench. The 
wrench is advanced as close as possible to the insulator and, by 
turning it, both ends of the tie are twisted over the required 
length. The wrench is rcanovea and the ends of the tie are placed 
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on wither side of the insula tor, one of them directed upv;ards 
and the other along the spring wire and the line conductor. 

Tlien the end of the viire vihich begins the tie is inserted in 
one of tl^ie holes of the v?rench ana is trapped around the line 
conductor and tine spring vire until the end of the tic wire 
slips out of tlie wrench hole. 

The other end of the tie is twisted in the same manner 
but in the opposite direction. This procedure is repeated on 
the other side of the insulator. 

In using tiie wrench considerably less force is required 
than when using piiers and the tie is made more quickly and ac- 
curately due to the fact that the edge of the wrench rides over 
the previously applied turn, use of the wrench also decreases 
the likelihood of damaging the conductor. 

All poles between tenninal or amplifier points are numbered. 
Numbering begins witii ttie entrance or cable pole from the larger 
administrative center. Vvhere the line joins two points of equal 
importance, numbering proceeds from north to south and from vest 
to east. Loops are numbered independently beginning with the 
section pole. The number must face the road. The numbers are ap- 
plied to the poles witli black oil paint on a yellow or white 
background (Figure 1U.I6) with the use of a stencil. The pole 
surface on which the numbers are to be applied is first cleaned* 
Then, ttve last two numbers of the year in which the pole was 
erected are applied ana the sequence number of the pole is given 
in with thie digits in vertical order. On poles joining trans- 
position sections the letter C is added. Vvhen a section has more 
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than a thousand poles, the indicating each thousand is ap- 

plied only to those poles on uhlch Ihe number ends in zero and on 
the other poles this space is left unoccupied. The distance from 
the ground to the top of the year number is tvo meters. 

In erecting auxiliary poles it is not necessary to renumber 
the poles, but simply to give the number of the previous pole 
the audition of a slant bar anu the sequence number of Uie aadi- 
tional poles. For example, in the extension of a spur line from 
pole 123U to 1284 it is necessai^/ to erect 54 poles instead of 5o. 
In this case next to pole 1235 number 123UA is placed and ths 
following additional poles are n’jmbered 123U/2, 1234/3, 1234/1*. 

'Ihe otiier poles retain their numbering of 1235, 1236, 1237, etc. 

Vtith a decrease in the number of poles on a line section 
(upon installing a cable insert or stoightenlng a line) the 
numbers of the eliminated poles are removed from the numbering and 
the remaining poles retain their old numbering. 

14.6, Overhead Crossings 

hire crossings of communications lines ana the conductors of 
contact systems of electrifiea roads, highways, railroads, etc are 
made according to technical specifica ticrxO and standards. «ire- 
crossing spans differ from ordinary spans in that the mechanical 
strength of the fomer is increased by braces or semi -anchor poles 
and, instead of sin^e conductors, cables are en^^loyed with double 
insulator fastening. The principal technical requirements for poles 
and conductors at cross-over spans are given in Table 14.7. 

Intra-rayon communications lines, city telephone networks and 
wire broadcast networks with voltages not in excess of 60 volts are 
placed in cross-over spans below the conductors of inter-city com- 
munications lines. 
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TABLE XU .7. ORGANIZATION OF OVERHEAD CROSSINGS OF COMMUNICATION HNES 


Nattire of installation 
to be crossed 


Angle o.f cror.-:'ing 


vj-je of pole at 


CorT’mxni cations o' fas ion- 

conductors ing of coimirroni- 

cat'ons ccndfctcr 


Additional requirraaents 
fcr organir’.ation of 
ci*C3sir.g 


Railroads of standard 
and naiTOW gauge. 


90°, but not; Is 
than 


to 16 cOTKiuctors* Of the 


Contact system of 
electric railroad. 


— intermediate, 
I'ein forced -sd-th 
braces; more than 
16 conductors — 
sera -anchor* 

Traces pla-ed on 
railroad side. 
Ligbtn5.n^ arrestors 
installed or. polf’S. 


amf^'ter 
(for steel 
conductors, 
not less 
than ii. rr-"!) 
as the line 
coii'hictcrs* 

On lines of 
types 0, H, 


n double hooks or 
double crcssarnis 
(if, a lire 1U*17 and 
1U.1?). 


On double crossarms 
(Figure 14.19)* 


of tancp F'l-pO; 

On lines of type 
. OU — PABi , 

O Pr carTieta.l 
cable uith 
cross-s.ecticn 
of 25 ro-i2, or 
i ns ala te d ui i e 
cov- ired id-th 


On lines of 
t’To 0 not 
more than 
Co m, type 
!d not more 


i th more than 32 con- 
ductors on lines of 
t3p5es 0 and N and? more 
than 24 on lines of 
types U and OU, cable 
sections are installed. 
rJoirdn.c; of condiKJtors 
*-nt‘ tn s crossing span 
not p' rmitted. 


On lines of On city telephone lines 
type 0 not with more than 1C con- 
more than ductors cable is laid. 
IOC m, type 
N 75 m, 
type U 60 m, 
and type OU 
UO m. 


insalati.on, the 
breekdevm rolt-- 
age of vdiich 
must te at 
least twice the 
working voltage 
of the contact 
wires 1o be crossed* 


r Table lii.7 continued] 


! 


Contract trolley or 
trolley-bus con- 
ductors. 


Principal hi^ways 
and roads. 


t 

Dirt roads. 


Potvor transmssion 
lines mth volt- 
age hi^er than 
1 kv. 


Same Same 


Bimetallic mth diameter of On double crossarms Same Same 

4 mm, bron^.ed antenna ^dre (Fi rure 1U,19). 

(PAF) with cross-section 
of 10 Tnm2, bimetallic cable 
ndth cross-section cf 10 v:c’\^g 
or insulated conductor 
covered wi th weatherproof in- 
sulation, the breakdoT-ai volt- 
age O’” which must be at least 
twice the- vorki-ng voltage of 
the contact wires to be crossed. 


90°, but 
not 
less 
than 

U5°. 


Interirediate, re- Of the same mateidal and diameter 
inj?orced with as the line conductors, 

braces on the 
road side. Light- 
ning arresters in- 
stalled on poles. 


On double hooks or 
double crossarms 
(Figure Hi. .17 and 
la. If). 


Nornel for Joining of con- 
the given due tors wi thin 

type cf a crossing span 

line. not permitted. 


Not pre- Intermediate, 
scribed. 


Of tde same material and diameter 
as the line conductors. 


Single intermediate Same 
tic. 


90^, but Intermediate. At 
not less voltages greater 
than than 6 l<v the 

crossing poles 
are reinforced 
>jith braces in the 
direction of the 
15 ne • Id- ghtning 
arresters installed 
on poles;. 


Same. Conductors' pass beneath 
power transmiEsion lines. 


On double hooks or Same 
double crossarins 
(Figure Hi. 17 and 
1U.18). 


Distance fresn 
cross-over point 
to nearest power 
transmission 
pole must not be 
lesT than 7 m. 
Joining of con- 
ductors within a 
crossing sf)an not 
perrnitted. 


! 

! 



f 






r Table HU *7 c onti nued J 


Power transmission 90°-U5^* Intermediate, 

lines with volt- 
age;:!^ to 1 kv. 


Of the r^aiTse matei'ial and di- 
ameter as the line con- 
ductors. 


Rivers, gullies, and 
Other obstacles. 


Not prescribed. Up to 16 conductors ■ 


Navigable 
rivers 90°, but 
not less than 


intermediate , rein- 
forced with braces j 
iTK)-re than XC con- 
ductors — semi- 
anchor. Braces 
placed on crossing 
side. 


Same 


Single inter- Same 
mediate tie. 


On double hooks 
or double 
crossarms 
(Firure lU.X? 
and lU.lB) 
with span ex- 
ceeding normal 
tj more than 
50 percent. 


On linen of 
t^rpe 0 
not more 
than 150 
m, tjjpe 
N 100 m, 
tc-pe i J 
m, and 
type OH 
3h m. 


Joining of con- 
ductors within a 
crossing span not 
permitt^. With 
longer spans steel 
cable lx7-U.2-lUO 
and bimetallic 
cable with cross- 
section of 25 
(Figure lU.19). 


Communications lines of 90°, but not 
• second and third class less than 
^ of city telephone nets 
I and radio broadcast 
nets to cross first 
class communications 
lines. 


I ntei-mediate , r el nf o reed 
Trdth braces on the 
side of first class 
line » 


Of the same iTisterial and 
diameter as the line 
cond!-ictors,but nor less 
than 3 m on lines of 
types 0 and N and not 
less than U rnm on lines 
of types U and OU. Con- 
ductors pass over the con- 
ductors of tlie. 'first class 
lines • 


On double hooks or On lines of In passing second 


double cressarm 
(Tj-gure lii.17 
and 14 . 18 ). 


type 0 not 
■nore than 
80, type N 
do m, and 
types U 
and OU 3h' m 


and third class 
lines, lines of 
radiofication 
and city tele- 
phone nets be- 
neath first class 
c omnunica tions 
lines braces are 
not installed and 
conductors are 
not double fasten* 
ed. 


I 


f 

i 
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Installation of i-.rresters 

Dangerous voltages may appear on overhead conductors during 
a storm ovjing to lightning surges directly at line ins'balla tions 
or o>^’ing to induction during the discharge from a cloud to ground, 
Tlie voltage induced in the conductors sometimes reaches several 
tens of thousands of volts and may easily puncture ttie insulation 
of cables and conductors. Direct surges of li,litning in a con- 
ductor cause fusion of conductors anc direct strokes may split 
poles. The i^ood of tiie pole is split due to the suaaerily increas- 
ing pressure of vaporizing moisture vtith the passage of lightning 
currents. 

In order to protect supports against lightning damage 
line lij^jntning arresters are installed on entrance, cable, 
sectional, test, semi -anchor, comer, crossing, and tower sup- 
ports. Moreover, all supports erected as replacements for ti.ose 
damaged by li^itning are also equipped with lightning arresters 
regardless of the presence of li-htxdng arresters on aojacent sup- 
ports. 

The lightning arrester is installed in the following manner. 
Steel wire with a diameter of 4 or S> mra is placed flat against 
the length of the pole ana fastened with staples of the same 
material at every 30 cm. The lower end of the wire is covered in 
a trench at a depth of 70 cm and running from the pole to a Imgth 
given in Table 14.8 

At comer and intermediate poles the lower end of the 
lightning-arrester wire is not led off to tee side but is brou^^t 
to tee base of tee pole, an(^ after stapling, is cut. 
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ISntrance brackets are made of angle iron. In prcjviding an 
overhead entrance for circuits composited in the frequency band 
up to 60 kc the entrance brackets (inlet and outlet) must be placed 
so that tlie distance cfiieends of crossarms is not less than 2 nu 
Tt.e line conductor at the entrance insulator is terminated in a 
dead-end tie, hence the conductor is aot drawn up as tiahtly as in 
ordinary spans* 

SkG [lead-sheatheci] cable, a special weatherproofed shielded 
conductor, or PR [rubber-irisulatedj conductor is joined to the line 
conductor in the following manner* The cable (trimmea of lead 
sheathing or shield) is inserted through the channel of the 
entrance insulator (B'igure 14.20) and bent so ti^iat the lead sheath 
or shield does not come within 3-U mm of the base of the cap* In 
using PR conuuctor the fiber braid and rubber insulation are stripped 
back so that the braid Goes not come within 1 cm of the end of the 
insulation, 

Near the second rim of the cap the cable dr PR conuuctor is 
stripped of insulation and the bare wire is brou^t out Uirough 
the hole. Three or four turns are wrapped around the conductor 
and then around the stripped line tap; these are soldered* The PR 
conductor is inserted into the cap of the insulator so that the end 
of the insulation is located in the middle of the cap. 

The opal space in the head of the insulator (the cap) is 
filled with melted MT-2 insulating compound. Passing from the 
insulator without touching the skirt, the cable or conductor is 
led beneath the crossarm and directly to the lead-in funnel. 

In using TF insulators for the entrance the SRG cable is 
fastened In the following manner. The cable is brou^t along the 
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crossarm to the i isolator anti is tuniecl down ana tiie lead sheathing 
removed. Insulating tape is wrapped arounu tiie cable at tiie point 
of bend and is covered with asphalt lacquer. Hien the end of the 
cable, covered with rubber insulation, is bent up, passed into th* 
loop of the line conductor, wrapped around the stripped line tap, 
and soldered. 

In using PR conouctor the wire is stid-ppea of insulation and 
the fiber braid is ren.oved 2 cm beyond the rubber insulation. The 
end of the braid is secured with five turns of thread. The tnd of 
the insulation and the fiber braid are then covered with asphalt 
lacquer. 

Hie trimmed end of the conductor is given one wrap arour»c' liie 
neck of the insulator so that the rubber insulation is 1 cm away 
from the neck. The end is then given two turns around the conductor 
and brou^t over the top groove of the insulator, after which it is 
passed into the loop of the line conductor, given wraps around 
the joint seal of tlie latter, twisted onto the stripped line tap and 
soldered. 

For the entrance of circuit conductors composited in the fre^ 
quency range up to IhO kc and also for circuits composited up to 
30 kc a cable pole is erected and equipped with damping coils and 
autotransformers or loading coils. 

llie damping coils are used to increase the transmission loss 
across the third circuit between tiie input and output of amplifiers 
in coinf)osited circuits. A damping coil has two windings, each of 
which is connected to one of the conductors of the circuit. The 
coil offers a high impedance to the transient currents having the 
same direction in both conductors of the circuit* 
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Damping coils are installed on terminal caole poles and are 
connectedi in circuits composited with 12-channel apparatus — at 
the entrances of intermediate and terminal stations; in circuits 
not composited with the 12-channel apparatus and to telegraph con- 
ductors located in the same line with a composited circuit -- only 
at the entrances of amplifier stations; in the circuits and con- 
ductors of other lines havin/; connections with lines having cir- 
cuits composited with 12-channel apparatus -- with a distance of 
up to 20 m beti%-een lines. In the last case the coils are installed 
on oae of the poles between the terminal cable poles of a line 
leading to an amplifying point. 

Matching balance compensators serve to irwitch the 

characteristic impedance of an overhead circuit composited in the 
frequency band up to 30 or 150 kc with the characteristic impedance 
of non-loaded entrance cables with paper cord or styroflex insu- 
la tiai of conductors. Vihen matching compensators are used the 
entrance pole is equipped as shown in Figure 14.21. 

Loading coils are used for loaning of cable inserts. They 
are designed to match tJie input impedances of composited overhead 
circuits with cable inserts and to match the cable inserts with 
equipment when cables with styroflex cord or disc insulation of 
conductors are used. 

The cables or conductors joining 12-channei composited cir- 
cuits with loading coils, compensators, and damping coils must be 
as short as possible. Over the entire length of ttie lay they must 
be at least 5 cm apart. The cables or conductors must not be 
twisted together. The cables must be fastened so that the wind 
does not cause them to sway. 
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III order to protect thie entrance cable and ecjuipinent at the 
station from excessive voltai^es special protection is proviaed at 
cable poles. The protective devices in cable boxes consist of HA.- 

gas-filled arresters j but if there are streetcar or trolley- 
bus conductors ttie section, the arresters are protected by in- 
stalling heat-stable SI'1-05 fuses in front of them, vihich fuses 
will not be burned out by short lightning oischarges, 

Hie arrangement of cable boxes in which the protective de- 
vices are mounted is described in Chapter 17, 

In compositing circuits up to 130 kc the protective equip- 
ment of all circuits is located in ttie boxes with the damping 
coils (2iK). 

On circuits composited witli voice-frequency telegrauh, in 
order to insure reliable communications during storm, bleeding 
coils are installed on the crossarms and are iiicluded in the pro- 
tective arrangements of damping coils. 

A bleeding coil consists of two half-windings wound on a 
common core. Jiiach of the half-windings of the coil la connected 
in series with an arrester, the direction of the turns of the half- 
winding being such tiiat during operation of the arresters each 
half-winding’s resistance for discharge currents becomes very 
small and for transmission currents very large. 

If the arresters are connected without bleeding coils, then 
at ihe moment the arresters operate the two-wire circuit is shorted 
and, consequently, transmission ceases altogether. Upon connection 
of the half windings of the coil between the arresters their resis- 
tance for transmission currents is very great and hence comrauni cations 
will not be interrupted. 
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CHAPTbil 15. TH^xNSPOSI'IIOI'i Ot T.LEHiONP Cium TS 
15«1. The Concept of Transposition of Telephone Circuits 

A current-carrying ci^nouctor is surrounded by raaj^^ietic and 
electrical fields v?hich give rise to an electromotive force (emf) 
and currents in nearby conductors. These currents arising in ad- 
jacent conductors on a communications lino will interfere with 
normal telephone transnu-ssion along tiiore conductors, hence triey 
are known ar. interference currents and the phenomenon of the 
crossing of currents from one circuit to another is knovn as dis- 
turbance. 

Vfith two circuits on an overhead line it is easily observed 
that, due to the effect of one circuit on tile other, in transmit- 
ting a telephone conversation over one circuit the conversation 
is heard in the second circuit. Moreover, by connecting a tele- 
phone receiver to each of the circuits, v.e may easily detect in 
than the strong noise due to the effect on these circuits caused 
by other communications lines, high-voltage lines, and other 
sources of interference. 

In order to decrease mutual interference of telephone cir- 
cuits and the effects of telegraph lines, high-vdLtage lines 
(lines for power transmission, railroad signalling and automatic 
blocking, electric railroads, etc) and in some cases radio 
stations, the conductors of telephone circuits are transposed. 

Transposition is the change in relative position (crossing) 
of conductors on the poles at prescribed intervals. Moreover, in 
order that the transposition be effective and decrease disturbance, 
it is perfomed so that each circuit has its own, strictly calc’diated 
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arrangement (order of trans{>ositlon) differing from the transposi- 
tion arrarigement of all other circuits. The order of transposition 
or tlie transposition arrangement is desif^a^itfc'd by numbers known as 
iiHiexes. The sl.ortest triterval between transpositions (usually two 
spans) is known as an element. The intervals betv^een transpositions 
may be equal to 2 , u, 8 , l 6 , 32, 6^*, 128 , and 256 spans (in other 
words 1, 2, 4, 8, 16, S 2 , 64, and 12d ele.aents). 

The transposition index is expressed by a number indicating 
how many elements are included in each interval between alteinating 
transposi tions. tor example, if the transposition alternates every 
four spans or tv;o elements, the transposition index will be 25 if 
the transposition is made arery ei^mb spans or ever;;- four eleiieiits, 
the tranposition index will be 4, etc. These numbers are referred 
to as indexes I they indicate the number of elements included within 
a transposition of one or another ciroiit. Thus, if it is said 
that a circuit is trainsposed according to an index of 4 or B , this 
signifies that trie transposition is made respectively every four 
or eight elemenxs, that is, every B or I6 spans (irigure 13.1) • 

The leng'th of the element depends on the type of line (that 
is, on tile number of poles per kilometer and, hence, on the normal 
length of a span). In practice the length of a span isj 125 ni 
with 16 poles per km (2 spans per 62.5 ni)j 100 m with 20 poles per 
km (2 spans per 50 m)j 60 m with 25 poles per km (2 spans per aO m). 

If two basic (simpl^ arrangements (Figure 15*1) are laid one 
on the otJrier, a third, con^iound arrangement is obtained. As is 
seen from the figure, the indexes of the basic arrangements are 
given in the designation of the resulting third arrangementj hence 
it is designated by the indexes h-8. In this manner, by superimposing 
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all the remaining transposition arrangements, first in pairs ^ 
tiien in threes, etc (Fignire 15.2), .ve obtejii 12C) different ar- 
rangements. In forming the compound arrangements from two 
simple arrangements, points at which the crosses coincide are 
eliminated. 

In the transposition of telephone circuits tiie section cf 
line betv:een two repeater or terminal points is divided into 
units — main units and short units. 

A unit is the shortest lengtii for which the largest index 
of one of the circuits in the transposition arrangement niay be 
used. The number of elements in the unit is twice the largest 
index. Tine unit is identified by this number. Hence, a 128- 
element unit iwith 6a the largest index) is the main unit and the 

32-, 16-, and 8-element units are short units. Pigure 15.1 
shows a l6— element unit (8 being the largest index). 

A line is laid out in units according to the repeater 
sections of circuits composited with apparatus of the 12- channel 
or 3-channel system. In the absence of noiiferrous circuits, the 
lines are laid out in units according to the repeater sections of 
steel circuits. From the ends of the repeater section the line 
is divided into 128-element main units. If it is not possible to 
divide the line into a whole number of units, short units are used. 

In dividing a unit into elements a variation in the length 
of individual elements is pennittedi with an average elem^t 
length of 125 ra, a variation of ±11 m is peimittedj with an 
average element length of lOO^ra, a variation of ±10 m is permitted; 
wi-th an average element lengHi of 80 m, a variation of ±8 is per- 
mitted. If local conditions dictate the erection of elements of 
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great length (due to overhead river crossings, gulley crossings, 
etc), they are permitted on the condition that the number of such 
elements over the length of a repeater section does not exceed: 
with an element length of 300 m, onej with an element length of 
200 m, twoj with an element length of 150 m, six. 

Konferrous circuits are distributed on poles according to 
the compositing frequency range, as shovni in Table l5.i* 

i'teel conductors for noncomposited telephone circuits and 
telegraph conductors may occupy any position on Hie pole. 

Transposition arrangements are planned in accordance with 
Instruktsiya po skreshchivaniy^j telefonnykti tsepey vozdushnykh 
liniy svyaal [instructions for Transposition of Telephone Circuits 
of Ovcirhead Commurd cations Lines] (Svyaz *izda t, 1947). 

According to these instructions, nonferrous circuits which 
are to be composited in the range up to iSO kc must employ the 
following transposition indexes: 2.2-4, 1-2-32-64, and 1-4-16-32. 
In addition, when the element length is 125 m, index 2 is used 
instead-^of indexes 2-11. and index 1 is used instead of Indexes 
1-4-16-32. Steel circuits employ Hie following transposition in- 
dexest 4, u, l6, u-l6, 8—32, 16-32, 16—64, 4—8—16, 8—16*32, 
8-16-64, 16-32-64, and 8~l6-32-64, 

Ihe transposition indexes of the circuits are indicated 
behind the circuit locations on the pole. If it should be neces- 
sary to change the positioi of a circuit oti Hie pole, this circuit 
is transposed according to the indexes corresponding to its new 
location on the pole. Tliis change may be made only at the end of 
a unit. In changing the line profile at crossings (1-2 spans) 
the transposition remains unchanged in order not to use short units. 
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Compositing 

frequency 

range 

to 65 kc 


to 150 kc 


TaBLE 15 •! 

DISTIilBUTION OF NOKFIiictOUvS ClitOUITS QK POLLS 


Pi'ofile number 

1 2 3 U 5 6 7 

Location number on pole 

1> 5 If 2, 3 $ 4 i, 2 , 1, 3j 1, 2 i, 2, 6 1, 2, 

3, 4 U, 9, 12 6, 9 

1 1 . ^ ^ li it, 9, 1 1, 6 1, 6 

12 


■Branching 01 circuits from nonferrous conductors to other 
lines is made at the end of a unit or at the end of the eight element. 


Steel circuits may be tapped from any pole. However, the best 
taps are made at the end of element number 4, d, 16, 24, 32, 48, 64, 
96, or 128. 


Difierent sags as well as different oistances between hooks, 
pins, etc cause a change of distance between tiie conductors of two 
circuits, tliereby increasing the interaction of tiiese circuits. 

Kence, in the erection and operation of a line it is necessary that 
all distances between circuits and all sags be established precisely 
case should these deviate by values greater than ttiose pre®* 
scribed in the technical specifications, rules, and standards* 

4b»2, Tranposing the Conductors of Telephone Circuits 

Nonferrous circuits on crossarms are transposed at points on 
steel brackets in the following manner, Lire straps are run around 
the necks of tiie insulators with Uieir ends turned toward the ad- 
jacent spans, Tkieri tlie line conductor at tiie first insulator in the 
stringing sequence is applied from the outer side, drawn up with 
pulleys, and adjusted. Tlie conductor and the strap are then bound 
with a 160-cm length of tie wire. With the line conductor fastened 
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to the first insulator, the pulleys are slacked off ana the con» 
due tor is brought over to the neck of the second insulator of the 
second bracket and tied in the same manner ss on the first insulator* 

The second conductor is tied in the sarae manner as the first 
cotiductor. 

Steel circuits on crossarms are transposed vjittiin spans on 
stringing hooks. The rigging is perfomed in the following manner. 
The zighthand conductor from pole ^;o 1 crosses to pole No 2 to the 
insulator of the stringing hook (Figure IS.U) where it is tied as 
on an intermediate pole. From the strin^^ing hook the conductor 
crosses to pole ho 3 where it is placed on t^ie leftJriand insulator 
of the circuit (in the stringing sequence) and is fastened with 
an intermediate tie. Ihe second (lefthatid) conductor from pole ho 1 
crosses to p5ri insulator of pole ho 2 ana ti'ien to pole No 3 on the 
ri^^ithand side of the circuit. 

Steel circuits and nonferrous circuits on hooks are trans- 
posed in spans with the use of L-brackets in the following manner. 

The upper conductor of tiie circuit from a hook on pole No 1 is 
transposed to pole No 2 (P'igure 1^.3) onto the righthand insu- 
lator of the 1-bracket and fastened tie wire to the neck of 

the insulator frcmi the outside. Then the conductor is brought to 
pole No 3 and placed on the second hook of the circuit. 'Ihe second 
conductor from the second hook of pole No 1 is brought to pole No 2, 
placed in the top groove of the insulator on the left of ttie L- 
bracket, and fastened with an intermediate tie. From pole No 2 the 
second conductor is brought to the upper hook of pole No 3 and tied 
to the top of the insulator with an intermediate tie. 

In span transposition it must be kept in mind that the con- 
ductor must always be transposed in one direction, that is, in the 


clockwise direction. 
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Sl'ClIOlN IV, Qvk-ii. IN sails IN IIsTIuvUTY 
OVl'JililAD OIMMUill CATIONS. LINLS 

QiAPTiiR 16, TYR£C/\1. CA/BILS FOxi INSISTS IN OVEKHiAD COMMlItlCaTFCKS lINLS 

16,1, Description of Intercity Conununications Cables 

Overhead comrauni cations lines consist of the following 
elements^ conductors, insulators, poles, and supporting devices 
(hooks, pins, crossams). 

Underground ano submarine communications lines consist of 
insulated CvUiductors twisted within a common braid and enclosed 
in a lead shea tlx over which (in luiderground cables) is laid an 
amor of steel tape or wire. Such communications lines are known 
as cable lines. 

The conductors are insulated by paper tapes and paper cord 
(packing) as well as by tapes and cord made of plastic (styroflex). 

Communications cables are divided into s^miraetrical, coaxial, 
and combined cables. 

Syametrical cables contain conductors twisted in pairs and 

quads. 

In the pair twist two insulated conductors are uniformly 
twisted together (Figure l6.l). The conductors of the twisted 
pair are usually wrapped in one or two layers of paper tape, and 
if the pair must be shielded, it is also wrapped in a shield tape 
(Figure 16.2). The shield tape is 15-20 mm wide and is made of 
metallized paper (that is, paper covered with a very thin layer of 
metal, e, g., aluminum) or of copper or tin foil 0.07-0.1 mm thiok. 
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In the quad tvist four insulated conductors are twisted 
together. There are two metiiods of making the twist — the star 
twist arid the tvio-pair twist. In the star twist four conductors 
a, b, c, and d, in the arrangement shown in Figure l6.3, are 
twisted together in one group (a quad). With tide twist speech 
circuits are formed by opposite conductors a*b and c-d. 

In the two-pair twist tivo insiiiated coxiductors are first 
tvdsted into a pair and Urien two such x^airs are twisted into a 
quad (Figure l6.u). 

Coaxial cables contain coaxial pairs. Tiie coaxial pair 
consists of an inner and an outer conductor, the latter behig a 
coiper tube with a latei-al seam (Figure 16. f?) over wliich two steel 
tapes are wound in spiral fashion. The tapes serve as a shield 
against extenial interference and give the coaxial pair the neces- 
sary mechanical strength. 

A coaxial cable may contain two or more coaxial pairs. 

Figure 16.6 shovjs a coaxial cable containing four coaxial pairs. 

This cable also contains five quads for auxiliary communications 
and signalling. 

A combined cable contains symraetrical quads as -well as co- 

2 XXGIL pi! i X*S • 

In the construction of intercity overhead lines there arise 
occasions when tiie erection of overhead lines is very expensive, 
teclinically difficult, and leads to operational inconveniences. 

This occurs in the erection of overhead lines in densely populated 
localities, in crossing wide rivers, crossing electrified railroads, 
at entrances into structures, etc. In such cases it is often more 
convenient to lay cable. The cabhe used for this purpose is usually a 
spanetrical cable with star- twisted conductors. 
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Xn cables used as inserts In ov^iiiead lines the conductxjrs 
are maae of electrolytic copp^^r i/i u.e funa of solid wire with, a 
<;iameter of l.U, 1.2, 1.0, 0.5, or 0.6 nim. The conductors are 
spiral-w rapped in paper cord ano’ over this with a layer of paper 
tape • 

Inserts into overhead liin.s composited with a lai’i^e iiumoer 
of comraunica tioiis chaniicls may also use cables witii conductors in- 
sulated by Gtyroflex cord. 

Telephone or telegraph communications may be estabuished 
quickly over relatd.vely small distances by the use of PTF-7 field 
cable (field telephone cable, seven conductors with rubber insu- 
lation in a bitumen-impregnated cotton braid or with a polyvinyl 
cW-oride insulation without sheathing). 

l6.2. Distinguishing Conductors ^ 1‘airs, and >uads in Cabl^ 

In order to facilitate locating a desired conductor in a 
cable during wiring and repair, tlie insulation ol conductors, pairs, 
and quads is given distinctive colors, at the time of manufacture. 
Quadded conductors are eittic-r insulated with paper of aifferent 
colors or the paper is streaked witli the different colors. The 
conductors of one pair of a quad are red and uiucolored (natural) 
and the other pair blue and green. 

Each quad is wrapped with an open spiral of cotton thread or 
paper tape, the colors of which differ for the different pitches of 
twist. 

In higj:i-f rexjuency cables, where all the quads have different 
pitches of twist, each quad in a lay may be distinguished by the 
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color of the thread or tape. In low-frequency cables, where only 
adjacent quads have different pitches of twist, for identification 
of a given quad in each lay two adjacent quads (the first and last) 
are wrapped with threads or tapes of such color as to distin^^uish 
them from one anoUier ana from the remaining quads of the ^jiven lay. 

If a cable contains shielded pairs, tlien the insulation of 
the conductors of these pairs has the same color as the insiilation 
of the i)airs of a quadj hence, in order ’to distinguish one pair 
from another, the one paii' may contain conductors with the insula- 
tion red ar.d natural and the other pairs witri blue ana green insu- 
lation. 

l6.3. The Uuter Protective Goveilng of the Cable 

In developing thie design of a cable the outer protective 
covering is chosen according to the conditions under which the 
cable will be laid and operated. The lead shea tiling of a cable 
(tiie main purpose of which is to protect tlio core of tlie ca.ble 
against penetration of moisture) is made of chemically pure lead 
with the addition of 0.4-0. 6 percent of antimony in order to give 
it mechanical strength. 

Cables designed to be laid in conduits are not armored. In 
this case the lead sheath does not require protection against 
mechanical ir^ix'y 

Cables designed to be laid directly in the ground have an 
armor of two spirally wound steel tapes applied over the lead 
sheath. In order to avoid damaging the lead sheath in applying the 
steel armor, the sheath is covered with a layer of asphalted paper 
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and a pad of treated jute yam. The armor is also coverea with a 
layer of juue yam impregnated witiri an asphalt compound. The out- 
side of tlie cable is painted with a chalk solution so ttiat tiie 
turns of cable on the reel will not stick together. 

On the slopes of hills, in strin^plng conductors in shafts, 
etc, when longitudinal forces are acting on the cable an armor of 
flat or round wires is used. 

In laying cable across rivers ano lakes (whore the cables 
may be stretched by constantly acting forces, the flow oi water, 
and by coming in contact with the anchors of stiips, submerged 
logs, etc) the cable armor is macie of round galvanized steel v^ire 
with a diameter of 6 or U nmi. Cables which are to be laid in 
rivers ana lakes witti unorganized ship traffic, with rapid water 
flow and a rocky bottom, with rafting and the formation of ground 
ice are provided with double armor consisting of two layers of 
steel wire with a diameter of 4-6 irinl, 

Anrior of round wires witii a diameter of 6 uan or double armor 
somewhat increases the cost of cable. Hence, in laying submarine 
cables they are often buried in riverbeds at a depth of 0.7-1 m, 
which permits -Ihe use of an armor of wires 4 F;m in diameter or even 
permS-ts laying cable witti tape armor. 

16,4. Cable Designations 

Cables used for inserts contain star-twist quads and, ac- 
cording to the type of armor, are given the following designations: 
TZG, TZB, TZK, TZP, Here the letter T signifies ’’telephone,” Z, 
si^ifies ’’star- twist quads,” and the last letter indicates the type 
of armor (B, armor of two steel tapes; K, armor of round wires; P, 
armor of flat wires; G, cable without armor in a lead sheath, that 
is, bare). 
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CableB are made witli 3> 4, 7, 12, 14, 19, 24, 37 and more 
quads. Figure 16.7 shows the construction of a submarine cable 
with a single wire anaoi contiiining 12 star-tsvist quads (designa- 
tion TZK). 

Intercity syittmetricai cables are desi^^iated, for example, 
as MKB 4x4x1. 2 or MKSl 4X4x1. 2. Here tiie letter M signifies ’’inter- 
city,” and the letter K ''cable.” The last letter indicates the 
typt of armor. Ihe presence of the letter S inculcates that the 
conductors of the cable have styroflex insulation. 

Coaxial cables have the desigjia tion MB-4, which signifies 
’’coaxial intercity, armored” (tape armor) ana the numeral indi- 
cates the number of coaxial pairs. 

Combined cables have ttie desi^mation Ki-lKB-h. Tiie additional 
letter K here signifies ’’combined.” 

QiAPm 17. CABLE ACCEISSOKEES, 

IWTEHHEHEATK and "WIILaI. FACILITIES 

17.1. Coupling and Branching Sleeves 

In constructing cable line the individual lengths of cable 
are joined by me use of coupling sleeves. Lead sleeves only are 
used on unamored cables, but on armored cables witti tape or wire 
armor cast iron jackets are also used. 

The dimensions of ttie coupling sleeves depend on the dimen- 
sions of the cable, the number of conductors in the cable, the 
diameter of the conductors, and the pui^DOse of the sleeve (coupling, 
matching). Figure 17.1 and Table 17.1 give tlie dimensions and 
weij^t of lead coupling sleeves. 
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TAllLE 17.1 

mms'mr- oh coDPiji^o pilpviiS 

Dimensions, mm 





a 


b 

c 

d 

a 






cylindrical 

sleeves vdiiiout 

slit 





50 


- 

250 

40 

2.5 




70 


- 

400 

40 

3 






sleeves vitli longitudinal 

slit 





20 


55 

240 

40 

- 




40 


75 

350 

40 

- 







17.2 







DATA 

FOR CA8T IL 

DD JiXKiTS FOR I 

,1^D FlliLVFS 


Dimensions, min 

a b c 

d 

Weight, kg 

sealing 
compound 
sleeve (approx. ) 


Corresponding to type of 
sleeve vjitii dimension a 
in Table 17.1 

with iongitudi- cylindrical 

nal slit -without slit 

325 

425 

130 

40 

8.1 

1.2 


20 

50 

400 

515 

l5o 

50 

12.7 

2.0 


30 

60 

500 

6i5 

180 

60 

17.5 

2.9 


40-50 

70 

625 

75^ 

220 

80 

30.0 

5.5 


60-70 

95 

CM 

855 

235 

100 

45.0 

8.3 


60-90 

115 
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A sketch of ttie cast iron jacket is f?iven in Figure 17.2. 

Branching sleeves or gloves are used v.here a cable u'ith a 
large number of conductors must be tapped off into two cables or 
more with smaller numbers of conauctors (for example, the cable 
entrance at a repeater or terminal point). 

17.2. Boxes and Cable Shoes 

Terminal fastenings at exchange cable entrances employ 
boxes which are installed on the cable entrance rack (VSK). 

’Boxes are made for 10, 20, and more symmetrical low-frequency 
cable pairs and shielded boxes are made for the connection of six 
shielded pairs or hi frequency circuits, Ihe box consists of a 
cast iron housing, insulating strips in which are pressed copper 
sockets witii pins to which the cable conductors are soldered, as 
\^ell as coupling plugs by means of which tine line cable conductors 
are connected with the exchange wiring. 

Fi.'Ure 17.3 shows a 10-pair box. 

In rigging cable cases and installing intermediate distri- 
bution frames in cable vaults the terminal coimections of cables 
are made by means of cable shoes. 

The shoe consists of a lead housing and one or two ebonite 
caps with openings, hiuhin the shoe the cable conductors are 
joined to PRO [rubber- insula ted, flexible! conductors which are 
brought out through the openings in the ebonite caps. Nonferrous 
circuits are led into tiie cable case with RVChS conductor. The 
space between trie outer and inner ebonite caps is filled with a 
sealing compound in order to prevent the entrance of moisture into 
the cable. Figure 17.4 shows assembled shoes. 
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17.3 « Cable Cases 

At points joining cable V/ith oVv'riieau lines cable cases are 
installea in which arresters and luses are placed to protect 
cable conductors against damage by lightning currents or currents 
from streetcar or trolleybus conductors in tlie event of accidental 
contact witii coirj^uni cations conauctors. As protective measures 
350 -v gas-filled, aluminum, two-electrode arresters (iiA- 350) and 
0.5-a fuses with knife-edge or conical caps. 

The wiring arrangements of arresters and fuses in cable 
cases will differ for telegraph conductors and steel and non- 
ferrous telephone conauctors. Figure I'^.pa shows the arrangement 
for protection of telegraph conductors and Figure 17.3b shov;s the 
arrangeiiient for protection of telephone circuits witi\ steel con- 
ductors. 

Figure 17.3c shows an arrangement for protection of circuit 
entrances along nonferrous conductors. In this case, in addition 
to the HA-350 arresters and S'«i-0.3 fuseSj provision is made for 
bleeding coils (DK) ana, where a cable insert is used, for damping 
coils (ZK) as well. 

In the absence of streetcar and trolleybus conductors the 
Sil-O.S fuses are not installed. 

Gable cases made for 16, 24, 32, and aO conductors consist 
of two steel cases, one inside the other. A cable case is sketdied 
in Figure 17.6 and its principal dimensions are given in Table 
17.3. 
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conductors 


TKiU:: 17.3 


CnAL CkSL illiMSLOtiS 


Dimensions, mm 


abode f gklmnop q 


667 510 ?09 367 120 138,5 luo 125 543 1 25 85 6o 18.5 40 


1,074 510 209 504 130 148.5 l6o 140 544 125 85 6o 18.5 40 


1,189 510 209 574 155 226.5 160 150 5U4 125 85 60 18.5 40 


1,469 510 209 819 160 233.5 160 170 54U 126 85 60 16.5 40 
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Cable cases are placed on cable poles equipped vjith a 
platfom, steps for climbing onto the platfom, and aJ-idhUiing 
couauctor* 

Figure 17." shows a cable pole with a cable case installed. 

17. U. Cable Vaults and Cabinets 

In places whore it is necessary to change connections 
betiveen the conductors of different cables use is made of cable 
cabinets or cable vaults with intermediate panels. 

IVie cable cabinet consists of two steel cases, one of which 
is located inside the other, and is mounted on a reiniorced-concrete 
bass. Installed in the inner cabinet is an insula ting panel on 
which are mounted cross-connecting posts in the form of fuse bases 
vitii copper blades instead of fuses, kithin the cabinet tiie cables 
terminate in cable shoes from which, by means of wire with rubber 
insulation, the conductors are connected with the cross-connecting 
posts. 

Instead of the cross-corinecting posts the cable cabinet may 
contain boxes in which tiie necessary switching may be performed. 

Vdth a large number of conductors on an overhead line, 
instead of a cable pole at the site of connection between the cable 
and the overhead line a cable terminal vault is sometimes used. 
Vdtiiin it is installed a panel with fuses and gas-filled arresters 
as in the cable case. 

CBAFm la. lAHha nNj; taGdKG CAaiS 
16.1. Digging Trenches and Laying Underground Cable 

Cable lines of communication are laid in a definite sequence. 
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First ol all, the cables and cable accessories must be brought to 
storage places along the projected cable run. Ilien tlie trench is 
dug, the cable laid, the trench rilled, ana the couplings installed. 
Ihe necessary electrical raeasurements are performed during the 
laying and rig^^ing of the cable. 

The cabnc and fittings received at the storage place must 
be subjected to careful external examination. The cable drums must 
be i roperly covered and tl.e cabi. ends must be sealed and fastened 
on the druiji. If tlie cable- >;as transported under internal air ]Dres- 
sure or gas pressure, tliei the air pressure vr thin it is checked, 
V.here there is no pressure v.lthin the cable tlie insulation resis- 
tance of the cable conductors is checked, 

Ihe cable drums are received at the work site on trucks. 
Iransportation oi the drums in the horizontal position (on the 
side) is not pcimitted. The drums are conveyed along the run in 
accordance with a previously prepared sheet listing the laying se- 
quence numbers of the diums witti tiie cable. 

Before beginning excavation of the trench the cable run rust 
oe precisely marked off in accordance with the technical plan and 
working drawings. In marking off the run the following features 
must be noted: the side lines detennining the width of the trenchj 
underground structures intersecting the cable run; changes in 
trench depth, if the depth of the run is to vary. 

w.^tririg is used in marking off the run. Upon encountering an 
asphalt cover ttie run is marked off with chalk, and where chalk is 
not available it is marked off by scraping a groove. Points of 
intersection witti other structures are marked by pegs with appr©- 
pi’ia te notes: cable, water pipe, etc. 
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In constructing new cable lines or in carrying out extensive 
cable rei^airs it is necessary to dig tl.e trenches v/ith special 
plovs and trench diggers. Also, in laying cable, cable-layers are 
used which dig tiie trench, lay the cable, and fill the trench. 

In digging the trench manually the earth must be thrown to 
one side and p<jving materials (cobblestones, as]lialt, etc) are de- 
posited in separate piles on the other side so that U:ey be used 
in subsequent paving work. 

'ihe width and deptti of the trench must be in accordance 
with tiie plan (dO-lOD cm). The bottom of the trench must be smooth 
and free of stones and rubble. Tiie bottoms oi trenches with hard, 
stony, or rocky ground are topped with a 10-cra layer of loose earth 
or sand to protect the cable against mechanical damage. In cross- 
ing other structures tlie depth of die trench must change graoually. 
The radius of turns in tiie trench must not be less than 15 times 
the diameter of the cable to be laid. The length of trench excavated 
in the working day must equal tiie laigth of cable to be laid in that 
day. 

Unreeling and laying of cable in the trench may be performedt 

Manually, when the drum is mounted on tripods, frame hors^ 
or jacks and the workers carry the cable along the trench by hand; 

moxmting the drum on a specially equipped truck, a cable cart, 
or special frame horses; 

with the use of a steel line and a winch, playing out the 
cable along special rollers installed along the edge ©r at the bot- 
tom of the trench. 
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In playing; out the cable care muet be exercised to tivoid 
kinks in the cable. The cable must not iuint; from the. worker's 
shoulders witii such slack as to exceed the permissible radius of 
bend and to drag along the ground. The workers should be 
stationed at an average of every 3-^ m of cable length. 

Hie cable must be laid in tJrie middle of the trench without 
tension. 

In laying the cable from a truck or cable cart one worker 
feeds the cable into the trench by hand ana the others, standing 
in the trench, lay the cable. 

In laying the cable entirtdy by hand the cable is first 
placed on the edi;,e of tiie trench ana is tiien lowered to liie bottom. 

Before covering the cable in the trench its length is measured 
with an accuracy of 10 era, an air-pressure test of the lead 
sheath is made, and other necessary tests are perfoimed. Then the 
position of the cable is measured relative to certain fixed 
features of the terrain and the data is entered on a plan sketch 
of the run. 

After the testing ana necessary measuramerits the cable is 
covered with a 10-cm layer of soft earth or sand. If ttie plan 
calls for a brick cover over the cable, the brick is layed over a 
layer of sand and is then covered with earth in layers of l5-?0 cm 
individually tamped. In urban localities vhere pavement is to be 
layed after the cable is covered the fill earth is wetted down and 
tamped. 

Pavement is restored over the trench after the earth has 
settled. 
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Mounting Coupling Sleeves 

In cimstructdng cable inserts for overhead lines the indivi- 
dual, factory-raacie construction lengths of cable are joined in the 
trench by ttie use of coupling sleeves. This entails a number of 
operations; \^ork preparatory to mounting the sleeves, checking the 
cable, preparing the ends of the cable, etc. 

Preliminary operations include digging a side ditch, erecting 
a tent, ana preparing tlrr.- sleeve for mounting. 

In digfdng the side ditch care is taken to avoid ir\jiring the 
laid cable vjith the crowbar or shovel. Por the installation of a 
single sleeve (straight, matching) a ditch with sides of l,a00 and 
1,600 mm and a depth of 1,100 mm is dug in fim ground# If two 
sleeves are to be placed in tiie aitch, the sides of the ditch are 
increased to l,fp00 and 2,200 miri. 

Over the open ditch a rigger* s tent must be placed so tiiat 
the entrance iiito -the tent is in line vdth the cable on the down- 
wind side. 

The ends of t! e cable within the ditch are carefully bent 
and placed 30 -i.i 5 cm aside from the line of the cable. The lead 
sheath is then checked for breaks by attaching a manometer to a 
valve (if tiiers is one installed on the cable) or by puncturing 
the end seal of the cable. The dry compressed air witl:i which the 
cable was filled in testing it after it was laid will escape with 
a hiss at the poirit of puncture. 

If no compressed air is detected in the construction length 
01 cable, tirie insui-ation resistance of the conductors is checked# 
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li' the insulation resistance is up to specifications, the cable 
sheath is checked for holes by introducing air into the cable under 
pressure. If the pressure di*ops, it is necessary to determine the 
location of the sheath defect before mounting tiie sleeve. 

If both lengths of cable which are to be joined prove to be 
in good condition, the cable ends are prepared. In the middle of 
the ditch, as shm-m in Figure 18,1, frame horses are placed to 
support tile ends of the cables so that thie turns of "wire wrapped 
around the cable in laying it are op/posite one another and are in 
line with the center of the sleeve. 

Ihe next step is to mark off the ends of the cable (Figure 
18,2), Tile spacing of the markings depends on the type and di» 
mensioris of tlie sleeve. In marking off the ends of the cable use 
may be made of a template with inscribed markings for the given 
types of sleeves. 

Having completed the marking, the outer jute covering is 
fiimly wound with several turns of vdre at the marks farthest 
from the cable ends. The center bindings made in laying the 
cable are removed, the outer jute covering is removed, and the 
armor is unwound and cut off at the marked places. The t-ape 
armor is removed by filing it with a triangular file and car6<» 
fully breaking it off. It is necessary to exercise care in re- 
moving the tape amor in order not to damage tiie lead sheaiii. 

Tiie sharp edges of the armor at the point of cutting must be re- 
moved with a file. 

Amor wires may be cut to three-fourths of their ttdckness 
by hack saw and the wire may then be broken off. 
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After removing the aimor the jute custiion is unwound to the 
end of the aimor and then cut. The a sphalt- impregnated paper tape 
is removed and the lead sheath is carefully cleaned with rags 
dipped in gasoline or kerosene. On the lead sh«ath of each cable 
end marks are made, on botti sides oi which the lead sheatli is 
carefully clearxed ana tinned. Moving back nO mm from the marks 
toward the center of the sleeves (so that there will i.e room for 
solrteiuny) a circular cut is made in the lead sheath of each cable 
end with a cable knife. Then two longituuinal cuts are made ap- 
proximately 5 inm apart. The strip ttms marked off is tom back 
with pliers ana txie lead sheath is dien removed. The sequence of 
operations in removing the lean sheath is shown in i'igure 18.3. 

Smoothed by means of a bumishin^^ stick, the lead sleeve is 
tlioroughly wiped with a rag and lightly heated on the inside with 
a torch in order to eliminate moisture. The edges of the sleeve 
are trimmed, cleaned, and tinned. 

If a cyclindricax sleeve is to be used, it is slipped over 
one of the cable ends. 

At the end of the lead sheath tlie core of the cable is 
bound with two turns of calico stripping and the paper tape is 
removed from the core. The quads are then bent back and numbered. 
In order to keep the conductors in place each quad is twisted a 
bit and five or six quads are gathered in a bunch and bound with 
cotton stripping. The bunches are then carefully bent back against 
tile lead sheath so as not to damage the insulation of the con- 
ductors. The shielded quads or pairs are bound with two tums of 
calico stripping 2-^4 cm away from the lead sheath and the outer 
layer of paper tape, the shielding, and the inner layer of paper 
tape are carefully removed. 
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The readied quads are numbered by attaching at each end of 
cable a paper band with a nuitib».r (written iii ink or witli a ciiernical 
crayon) correspondiiig to the quad joining sequence. 

Joi.riing copper cojiductors covered with paper insulation. 
Before joining the conductors ttie ditch is carefully cleared of 
the pieces of cable, lead, wire, ana annor triinmed off during the 
preliminary operations ana tlie cable ends are then firmly tied to 
the horses witii rope. Before joining the conductors the necessary 
tools and materials are readied and 1he cable ends are desif-nated 
A and 3, In the Soviet Union the incoming end A is usually taken 
to be the end in the direction of Moscow and tiie outgoing end 3 
is tlie end av'ay from Moscow. 

In joining the conductors in the coupling (straight) sleeves 
the quads, pairs, and conductors on the A side must be joined with 
the corresponding quads, pairs, and conductors on the B side having 
the same number and color coding. 

Figure lU.n shows tirie steps in ttiis operation. 

Before joining ihe conductors paper sleeves are slipped 
over ttiem from one end of the cable. 

At the point where the twist joint is to be made the con- 
ductors from ends A and B are laid crosswise and given two twists 
so that the paper insulation is held firmly between the twists of 
wire. Then the paper is tom back to the end of the twist and 
removed from the conductors. The conductors are then cleaned with 
emery paper. 
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The bared wires are lined up witJi one another, holdlrif/ the 
wires between the left thumb and index finger 5 cm from tlie bottom 
of the twist, it.e wires are bent 90 degrees wltli t^ie ri{ht hand 
and twisted. The length of the twist must be approximately 30 mm. 

The remaining three conductors of tlie quad are twisted in the same 
manner, all four of the tivists being made at the same place. Tne 
ends of all twists of the quad are tiien soldered without the use 
of acid. The solder is applied over 10 rnm at the end of the twist. 

'Ihe soldered twists are bent back away from tlie siae on 
which tiie paper sleeves were placed. Ihe paper sleeves are then 
slid over the joints and ax'e marked witti grouping (numbering) 
bands. If no grouping bands are available, the quads on both sides 
of the paper sleeves are tied with thread and the tiiread is crossed 
over the sleeves and pulled tiglrb. The excess thread is cut off. 
Colored strands by which the quads are distinguished are also fastened 
with thread. 

Ttie other qxiads are joined so that the joints are uiiifonnly 
distributed over the length of the coupling sleeve. 

The conductors are soldered with a tetrahdral soldering 
point of red copper, the tip of which is cleaned with sal 
ammoniac in block foim. Figure 16.5 shows another type of soldering 
instrument. Itie working portion (brass) of this device contains a 
recess in which the solder is placed. Before soldering tlie con- 
ductors the instrument is heated ana brought to the twist joint. 

The latter is immersed in the solder for 1-2 seconds and then coated 
witl:i rosin. The joint is dipped in tlie solder a second time. Since 
tlie twist is fully enveloped by the solder, this method of solder- 
ing is more rapid and reliable and results in maximum economy of 
the solder. 
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Vihen all the pairs and quads have been joined the cable is 
covered with steel semi-cylinders (Figure lb, 6) and they are 
unifonnly heated with one or two torches untii the paper acquires 
the rustling sound characteristic of dryness. Tlie serai -cylinders 
are then removed and the jointing i;rea is wrapped with several 
layers of calico tape or cable ]-‘aperj proceeding from the middle 
of tho area to one end and back to the other end and then again 
to die center, where tiie wrapping is; tied with a knot. 

h. note giviri;: c-he date of installation and the names of tlae 
solderer ana his assistant is placed in the lead sleeve and it is 
placed over ’die jointing area. 

If a sleeve with one or two longitudinal slits is installed, 
it is firmly bound along the middle with several turns of wire. 

If a cylindrical sleeve without a slit is installed, its ends are 
pressed snugly around tiie lead shcatii by means of a wooden mallet. 

doth on the sleeve and tiie cable sheath the surfaces to be 
soluered must be cleaned until they shine, for lead exposed to 
air oxidizes (aarkens) and oxidized lead surfaces will not solder 
togetirietr even tl'iough solder and flux be applied. Ttie ends of the 
sleeve must be cleaned and tinned not only on the outside but also 
on the inside, for the strongest joint will be obtained when the 
solder runvS into tiie si>ace between the cable sheath and the inner 
surface of the sleeve. 

The soldering area must be heated by means of a benzene 
torch. In soldering the sleeve the torch flame must be blue-white. 
A red flame with soot is not suitable for soldering, since it 
contaminates the joint. 
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Lead aleeves are soldered vdtii P06-30 solder (soiuer 
containing 30 percent tin and 70 percent lead)* >irst the 
lengthwise or latei-al seams are soldered and then the ends of 
the sleeve are soldered. 

The sleeve or the cable must not be moved during the 
soldering process, for this may result in cracks in the hot 
layer of solderc Hence, the otlier (unsoldered) end of tiie 
sleeve must first be ter:pox'arlly soldered to the lead sheath 
of the cable at one or two places* After joining several 
leng'ths of cable, the lead sleeves are checked for hemitici by 
by subjecting them to a pressure of 0*5-' atmospheres for a peilod 
of two days* 

Vvhen the soldered lean sleeve has cooled the anaor is 
connected with die lead sheath. In a cleaned and tinnea area of 
the tape or wire aimor 3-4 turns of tinned copper wire with a di- 
amd^er of 1*4 rmn are soldered bo tiit- armor. Hiis wire is then 
joined with tlie lead sheath by making 3-4 turns and soldering it 
to the sheath. The wire is soldered to the lead without using 
acid and is soldered to the a3rmor with Uie use of acid and sub- 
sequent neutraliaatioii by the application of an alkali. 

In aduition to connecting the armor with the lead sheath, 
the amor of one end of tiie cable is connected with tlrie amor of 
the other end by a copx'jor strip 1.25x0.3 cm or by a copper wire, 
either by direct soldering or welding of two armor wires preserved 
in stripping -die armor or by means of two wires with a diameter of 
2 mm soldered to 'the •fcape armor. 
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In installing the oast iron sloeve (protective cover) the 
collars are first removed from both ends of the sleeve. The two 
halves of the sleeve are separated and cleaned. Tlie cover of Ute 
port on the i^per half of iiie sleeve is removed, alter which xho 
sci’ews are again fastened in the holes. Beneath the lead sleeve 
on Uie horses the lox.’er half of the oast iron sleeve is carefnlly 
put in place. The recesses in the lov;er half of the iron sleeve 
are packed vritli the jute removed from the cable or with rubber 
lining. 

The outer jute layer of the cable is wrapped with treated 
pap>er stripping or insiflating cardboard bo a thickness ecpial to 
the inner diameter of the collar of the protective sleeve. Then 
the upper half of the iron sleeve is put in place and the bolts 
are tightened, drawing botli halves of ttie sleeve together so that 
the cable is firmly gripped by the collars. A Iter U^is ttie sleeve 
is removed from the horses and laid at the bottom of the ditch 
where it is filled with KB-100 compound. The compcaind is heated 
in an enameled kettle ana is poured into "ftie sleeve at a teni}.'era«* 
ture of 130-1400 C. The compound is made non-freezing by the addi- 
tion of 5 percent (by weight) machine or transformer oil to the 
heated compound. 

The compound is poured into the sleeve until it reaches the 
edge of the port. At intervals of 5-10 minutes, during which the 
compound cools and settles, compound is added to the sleeve 
until settling ceases. During this process the rest of the com- 
pound must be continually heated in the kettle. 


- 129 - 





Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230012-7 



Vyihen the compound hao cooled the cover is placed on the port 
anci fastened witii bolts* All nuts ana bolts of tlte Sxeeve as well 
as the points of exit of the cable from the sleeve and both armor 
vires are sealed with the same compound. Viith the sleeve installed 
the ditch is filled witii earth ana the site is markea witii a sur- 
veyor *3 peg. 

QmPT.'li 19. itlV/il CA(3i,b 

19 »1* Laying Submarine Cable 

hhere it is not necessary to Duiy cable in the riverbed 
the most widely used method of laying cable across a river is 
by means of barge, boat, or raft* A phantom view of the barge 
equipment for such laying is shoivm in Figure 19*1* A wooden 
flooring on the bottom of the barge supports end mounts with a 
reel* A loi/ering sheave is located in the stem* The cable is fed 
along a guide roller mounted on tiie deck. Tension of the cable in 
descent is controlled by a brake consisting of two beams which 
are brou^t against the siaes of tlie reel by means of a rope with 
pulleys. 

The barge is towed along the chosen run by a tugboat or 
launch. In the absence of a tugboat the barge may be moved by 
meaUvS of anchors. TTiree anchors are used for this purpose. One 
anchor is carried ahead on a small boat and thrown into the water. 
The rope attached to this anchor is then pulled in by means of a 
winch until the barge is next to the anchor. Then the second anchor 
is carried ahead and thrown into the water while the first anchor 
is raised. The barge moves from anchor to anchor until the opposite 
shore is reached. 
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The third anchor is used to keep the barge from drifting 
vith the current. 

On small rivers with slow currents (up to 0.^ kn/hr) the 
submarine cable may be laid by using airtight barrels, a steel 
cable, and a winch installed on the opposite shore. One end of 
the cable is wouna around the winch and the otiier end is fastened 
to the cable which is to be laid. During movement of the barge, 
as the cable is lowered into tite water it is suspended from the 
barrels, which prevents the cable from settling to the bottom. 

The distance between barrels depends on the weight of the cable 
and is so chosen that not more than three-fourths of the barrel 
is under water. V-hen tlie end of the cable is brought to the op- 
posite shore, workers take a small boat along ttie cable and un- 
fasten it from the barrels. Tcie arrangement for laying cable 
with the use of barrels is shown in Figure 19.2. 

If local conditions permit, the river may first be spanned 
with a pontoon bridge over the projected submarine cable run and 
the cable temporarily placed on the bridge. Tlie cable is subse- 
quently lowered into tifie vjater on the downstream side of the bridge. 

It is sometimes necessary to lay cable across a frozen river. 
In such cases tJiis is best done in spring before the ice movement, 
when the air temperature is aero or sli^tly above. In order to 
lay the cable in a chosen place in the ice a trench is cut in iso- 
lated squares so that a layer of ice about 5 cm thick remains at 
the bottom of the trench. The remaining walls are broken down and 
the ice is chipped away to the last layer at the bottom of the 
trench. Ihe cable is then laid along the trench and lov^ered into 
it. 
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Choice of a metJiod of burying cable in a riverbed depends on 
the vddth of the ilver, Hie profile of the river crossing, the 
nature of Hie ground, etc. A trench may be dug in a ilveriied by 
means of a dredge, after vhich tiie cable is placed in the trench 
by one of Hie methods described above. The position of Hie cable 
in the trench is checked by divers. 

The use of a oredge in buryirij,. a cable is expensive, for it 
is necessaiy to dig a trench of considerable width and depth so 
that it will not oe filled with drifting-: sand before the cable is 
laid. 

Success has recently been achieved in burying cable in a 
riverbed by the use of a cable layer. In this case the entire 
lengHi of cable which is to be laid must be placed on Hie reel, 
that is, the width of the river must be on the order of 3^0-400 
meters. In using the cable layer to lay the cable one end of a 
steel cable is fastened to the cable layer and the other end is 
carried to the opposite shore where it is wound on a winch. 

The locations where the cable is to be laid is carefully 
examined. The bed is checked for submerged objects and under- 
water rocks which may interfere with the progress of the cabl® 
layer. 

19.2, yearning Signals at Submarine Gable Crossings 

In order to warn the crews of passing tugs and floats of 
the location of a submarine cable, crossing signal poles are 
erected on the higher shore. On rivers wider than 300 in two 
signal poles with heists of 9 and 13 m are erected 100 ra apart 
both upstream and downstream from the sits of the crossing, as 
shown in Figure 19 * 3 . 
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Daring the day the signal is a circular red disc with a 
horizontal white band 30 cm wide across the middle, and at night 
the sif^al is a triangular lantt:m with yellow ^lass. 

CBAPTiH 20. iLIOTKICAL ChAliiiGTHir^'IICS OF 
CIKCUETS hhijj lOUTING 1 jlUI,TS ON IIBFS 

20.1. Blectrical Characteristics of Overhead and Cable Communica ^ 
tions Lines 

For transmission of tJrie energy of electrical oscillations of 
the transmitter of one telephone set to the receiver of another 
telephone set overhead and cable lines are employed. Tne fon^'ard 
and return conductors (copper, bimetallic, steel) connected to the 
equipment are known as the circuit. 

The circuits of overhead and cable lines are charactexized 
electrically by four valves known as the; circuit parameters. Ihese 
are the resistance, the insulation conductance, the capacitance, 
and the inductance. 

The electrical parameters of a circuit may be calculated cai 
the basis of data for the material of the conductors, the dimen- 
sions of the line, the relative placement of the conductors, and 
other conditions. Knowing the electrical parameters, the expected 
quality of telephone or telegraph transmission for different 
lengths of the [^Iven type of line may be detemined. Or, conversely, 
in order to achieve good quality of telephone or telegraph trans- 
mission it is possible to determine what the electrical parameters 
of a planned line of given length must be. 
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The resistance ptr km of a two-wire direct-ciirrent circuit 
depenas on the material and diaiaeter of the conauctor ana is deter- 
mined from the foimulai 

^ O-L- "p S^OOO ohms/kni. 

^ S 

Here S is the cross-sectional area of the conductor and is equal 

to ^L2- rran^ (where d is the diameter of the conductor in mm. ^ ■ 

4 

3 . 14 ), and p is ttie resistivity of the material of tine conauctor. 

Data on the electrical resistance of circuits of the most 
commonly used conductors on oveitiead and cable lines are given in 
Table 20.1, 

mBLE 20.1 

K. .'IfTAIXl (OHMS) P.,Xl Kl«l OF 
CIRCijIT X.T Th.Pi.Iu^TUKh OF 20O C 

Diameter of conductors, mm 


Conductor 

5 4 3 

Overhead line 

0.8 

0.9 

1.0 

Cable line 

1.2 

1.4 

Copper 

2.84 5.04 

72.2 

57»0 

47.0 

32.8 

23.8 


14.06 22.0 39.1 






Steel 

7.04 11.0 19.55 

- 

- 

- 


- 

Bimetal 

- 6.44 

- 

- 

- 

- 

- 

Aldrey 

3.78 6.00 lO.US 

. 






The resistance of a single conductor (for example, a tele- 
graph wire) is half the value given in the table. In Table 20.1 
these values are given for steel conductors (in the denominator). 

For hi^-quality telephone communications along a two-wire 
circuit, in addition to other conditions, it is important that the 
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resistances of both conductors forming tids circuit be as eveidy 
matched as possible. Actually, due to unequal deteriox-ation of 
the conductors along llxe length of tl.e line, tlxe resistances of 
these conductors may differ (ohmic asy™,>etty). hence, nonas have 
been established for permissible deviation in the resistances of 


the circuit conductors. 


11. e difference in the resistances of tt.e circuit conductors 


(asymietiy) must not exceed t«o ohms for nonferrous conductors. 


five ohms for steel conductors vitl. a diameter of 5^ ^n 


ohms for steel conductors with a diameter of 3 mm. for example. 


if ttie resistance of one conductor of a copper circuit is 3Sn ohms 


and of the other conductor 353 ohms, an asj^etry of 353-350 - 3 
ohms (that is, more than too ohms) will exist ana hence the asjsn- 


metry of the circuit will not lie within the permitted limit. A 


large ohn.io asymr,ietry may be the result of inserting into one of 


the circuit conductors a wire of a different material or diameter. 


a poor veld or soldered joint, etc. 


The values given in TaM.e 20.1 are for a direct-curi^nt cir- 


cuit. However, in achieving telephone and telegraph commuxxicatlons 


over a line altc™atir.g currents of different frequencies are trans- 


roittedj hence, the resistance of the conductor proves greater than 


with direct current. This occurs because with an increase in fre- 


quency the current density over the cross-secUon of the conductor 


ceases to be uniform as in the case of direct current. Tt.e cur- 


rent tends to concentrate in the areas of toe conductor near the 


surface and at very hi^ frequencies to flow along toe surface. 


This phenomenon is known as the "akin effect." It causes an 1 


increase 


to the resistance because the cross-sectional area over which toe cur- 


rent flows actually becomes smaller ana this, as we already know, leads 


to an increase in resistance. 
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Ihe resistance of conductors to alternatiiu' current may be 
several times greater than tlieir resistance to direct current* 

For example, the resistance of copper conductors uith a diameter 
of 3 mm at a frequency of 100 kc is four times greater tlian the 
d-c resistance. 

Insulation conductance of overhead circuits. Let us connect 
at the beginning of a tvo-vire line one kilometer long a battery 
and a d-c galvanometer but leave the end of this line open (Fi{^re 
20 . 1 ). 

Upon closing svitch K, despite die open end of the line, the 
galvanometer needle is deflected ana indicates the presence oi cur- 
rent. Hov; does this current arise in an open circuit? In answer- 
ing this question it need only be pointed out that, ho\\ever excel- 
lent the material of tiie insulators on wtAch ttie conductors are 
fastened, it will conduct electric current, though only weakly. 

In addition, the surface of an insulator is usually covered with a 
thin layer of dust and soot, which 'nas an adverse effect on the 
insulating properties of the insulator, bhen an -riectric curreiit 
flows along the corumetors, at die points where the conductors are 
fastened part of the current across the insulators, poles, or a 
crossarm flows from one conductor to the ottier and returns to the 
battery. The ciirrent branches out at each pole and over one kilo- 
meter of line it branches out at 20-25 points, depending on the 
number of poles erected par kilometer of line. 

How to determine die insulation conductance was stated in 
Chapter 2. In determining the insulation conductance of an over- 
head circuit it suffices to find the value of the insulation re- 
sistance of die circuit. Then the insulation conductance is ex- 
pressed as the reciprocal of the insulation resistance; that is. 

Go ® — — ohms/km. 

Ro 
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The Gonuuctors of a circuit in good condition shoulo have 
an insulation resistance relative to ground of not l-ss tiian 2 
megohms per kilometer ana an insulation coriouctance of not more 
than 0.5 micromho per kilometer under the worst weather conditions 
(dampness, fog). In addition, the insulation resistance of the 
c.nductors of the circuit relative to ground must not ciiffer by 
more than 30 percent. If, instead of the battery, an a-c 
generator with a frequency of 2.d kc, for example, is connected 
in a two-wire line one kilometer long ana then the insulation 
conductance of die- line is measured, it will be seen that with 
alternating current ttie conductance is reater than xvitti direct 
current. Baring frost und icing conditions ttie conductance with 
externa ting current increases considerably, especially in the 
transmission of high-frequency currents. This somewhat lowers the 
quality of telephone communica tions and sometimes makes theiri im- 
possible. 

Inductance oi communications lines. If two conductors each 
one kilometer long are placed parallel to one another at a certain 
distance and connected with a source of direct current, with the 
passage of the direct current along the conductors a constant mag. 
netic field is formed around tiie conductors. The magnitude of the 
magnetic flux beteeen the conductors depends only on ttie distance 
between them. The greater this distance, the greater the magnetic 
flux between the conductors. 

During the flow of current there also arises a magnetic flux 
within the conductors, the magnitude of which depends on the 
material and diameter of the conductors. Ihe ma^yietic flux, of a 
copper conductor is less than that of a steel conductor, and the 
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ma^etio flux of a bimetellic conductor is greater th^n that of a 
copper conductor but less than that of a steel conductor. This is 
explained by the fact that the magnetic lines of force in a steel 
conductor are somewhat denser than in a copper conductor. 

If tile tiiatjietic liux per kilometer of a two— wire line is di- 
vided by tiie value of the current in the conductors, we obtain the 
magnetic flux per anpere. Tht. value of magnetic flux per unit of 
current is known as the coefiicient of self-induction or simply the 
inductance per km of circuit of a tvjo-wire line. 

Tlie inductance of the circuit will not remain constant if an 
alteiTiating current of varying frequency flows along the conductors. 
Kith an increase in frequency Uie inductance decreases but little. 

Circuit capacitance of comrriuni cations lines. Let us place 
two conductors of the same material and one kilometer in lengtl^ so 
that they are parallel and a certain distance apart. Tiiese con- 
ductors may be regarded as the plates of a capacitor between which 
is located a dielectric (air) with a dielectric constant approximately 
equal to unity. 

Numerous measurenientc of the capacitance of two— wire circuits 
have shown that it depends but little on the frequency of the cur- 
rent. Hence, for all practical purposes we may consider that with 
a given diameter of conductors and a given distance between them 
the capacitance of the circuit is a constant value. The smaller the 
distance between the conductors and the greater the diameter, the 
greater the capacitance of the line. Hsice, a circuit with conductors 
strung on crossarms has a greater capacitance than a circuit witii 
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conductors strung; on hooks. V.e vlll remember that tjbe capacitance 
of a circuit is desii^natea by the letter C and is exj^ressed in 
farads (f) or rdcrofaraas (ytef) per kilometer of leri th. Ttie 
capacitance of tiie circuit aoes not depeno on tiie material of the 
conductors . 

Ihe concept of attenuation. In evaluating telephone and 
telegraph circuits T«ith respect to ttic sij.yiais t/ransnitted along 
•tiiem the concept of circuit a tte.ntua tion is employee. An under- 
standing Ox circuit attenuation may be obtainee from an examination 
of the simplest case of d-c tele raph transmission along a single- 
wire telegraph circuit. Ttds permits eliminating the effect of 
circuit capacitance ana inductances from consideration and deal- 
ing only with tiie resistance of the conductor and the insulation 
conductance (current leaka^^e to ground). Current leakage, as is 
known, will occur at each insulator from vihich the conductor is 
strung, and the telegraph si^^ial, in traveling from the beginning 
of the line to the end, will gradually weaken (attenuate) as a 
result of tlie lact that part of the current along tht vjay will be 
diverted through the insulators, pins, crossarms, and poles to 
ground and wdxl return to the other pole of the oattery at the be- 
ginning of the line and also as a result of the expenditure of 
electrical energy in heating the conauctors and insulators. Knowing 
the values of conductor resistance and insulation conductance and 
using Ohm’s and Kirchof’s laws, we may determine ttie value of the 
current at the ena of the line. The ratio of the current at the 
beginning of the line to the current at tJtie end of the line indi- 
cates the extent of the attenuation of the signal in traveling 
along the line. Communications engineering does not emply the 
simple ratio of the currents or voltages but the natural logarithms 
of these ratios. 
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The attenuation is expressed in nepers. V-here the ratio of 
the currents or voltages is ^dven per kilometer of circuit it is 
referred to ss the "icilometric attenuation of circuit. 

As the current travels aloiig tiie circuit it is affected not 
only by the circuit resistance and conductance but also by tlie 
capacitance ana inductance, vhich do not remain constant for dif- 
ferent current frequencies. 

20.2. D-C Measurements 

The operation of overhead comuni ca tions lines requires the 
regular measur orient of the ohmic resistance of conductors, the 
ohmic asymmetry of conductors, the insulation resistance of the 
conductors, etc. itesults of the measurements peimit evaluation of 
the condition of the circuits. In addition, systematic measurements 
and the data of these measurements permit accurate location of a 
line fault in the event of a breakco'wn. 

Disturbances of telegraph and telephone communications oue 
to line faults may be distinguished by nature as: interruption of 
current in the circuit (break) j contact of a conductor with ground 
(ground); contact between conductors (short); a drop in insulation 
resistance and different resistances for each of the conductors of 
th e tel ephone circui t (a symme try) « 

Interruption of the current in a circuit (a break) is ob- 
served wjhen a conductor on the line is broken and hangs without 
touciiing the ground or lies on dry sand or snow (during a severe 
frost), when tiie fuses in cable cases bum out, when the test 
clamps on test poles are not operating properly, and in other cases 
where poor contact is observed on the line. 
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Contact of a conuuctor with ground is obstrved when a broken 


conductor or one that has fallen from Its insulators lies on the 


ground or on objects in contact with the ground with the result 


that the current is diverted from the conductor to ground. 


Contact between conductors Is observed when the conductors 


on a line touch one another with tlie residt that the currents 


flowing in toem may pass from one conductor to the other. 


A drop in insula Uon resistance is observeu where the insu- 


lators on a line are foulea wito dirt or broken. 


Asymmetfj' of conductors (where there is a difference in the 


resistances of the conductors of a circuit} arises due to poor 


contact at some joint in a conductor or due to the presence of an 


insert of wire of a different diameter or material. 


Voltmeter and Awmeter Metood of Measuring liesistance. Figure 
20.2 shows the diagram for connecting an aniraeter (a) and a volt- 


meter (v) in an electrical circuit. In order to measure the re- 


sistance Itj_ it is necessary to determine the value of the current 
I with an ameter and the voltage U with a voltmeter connected to 


terminals a and b and then to apply Ohm's law. 


Example 20.1. The voltmeter reading is d v ana the ammeter 


reading O.S a. Wiat is tiie resistance of H? 


Solution. According to Ohm's law, K - L . _5 „ ohms. 


The value of resistance may be determined with only one 
voltmeter (Figure 20.3) if the value of resistance fig is known. 


For this purpose a voltmeter is first used to measure the voltage 


drop between points a and b and then the voltage drop Ug between 


points c and d. The resistance may then be calculated from the 

_ ^ ri- 


formula . 
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Hocample 20.2. Resistance “ 10 ohms (Figure 20.3) and the 
voltage drop between points c and d is 12 v. Detcunine the value 
of resistance at whidni the voltage drop Up is C v. 

Solution. R • 10 ^ 6.67 ohms. 

Measuring Resistance with an Qiimmeter or a Me^iphmrneter. Let 
us create an electrical circuit (Figure 20.4) with a battery F, a 
galvanoraeter with resistance a variable resistor R which may as- 
sume certain known values, ano a switch R. By closing switch K when 
the variable resistance is zero we obtaii-. the m3>:imujn deflection of 
the galvanometer needle. This position we mark as zero. Ihen, by 
varyi-ng the value of resistor R we will obtain different deflections 
of tile galvanometer needle. If we mark the galvanometer scale with 
divisions corresponding to the known values oi the resistor, the 
instrument will then be graduated in units of resistance (in ohms). 
If we connect an unknown resistance to the terminals of such an 
instrument, the needle of the instrument will Indicate tl:.e value 
of this resistance. Since the voltage of a battery changes in the 
course of time, the ohmmeter is provided with a means of adjusting 
the instrument, that is, a means of resetting the needle of the 
instrument at the zero position. 

Large resistances (for example, the insulation resistance 
of conductors) may be measured by ineans of a voltmeter with a large 
internal resistance or by means of a megolimmeter. Figure 20.5 
shows an arrangement for measuring ihe insulation resistance of 
conductors by means of a voltmeter. The insulation resistance R^ 
of the conductors is calculated from the formula. 

R^ * R ( II - 1) ohms. 
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where K is 1iie voltage detemined from a voltmeter connected to 
the battery teiminals, U is the voltage determined from a volt* 
meter connected to the conductors the insulation resistance of 
which is to be measured, and R is ttie internal resistance of the 
voltmeter. 

Example 20.3. Determine ttie insulation resistance over one 
km of a conauctor where the internal resistance H of tlie voltmeter 
is 0.1 mcgoxhm, the batt-.-ry voltage E is IRO v, the voltmeter 
reaoing U is 13 v, and the length oi x-he conductor is 100 km« 

Tiie insulation resistance over 100 cf the conductor is 

R a 0,1 ( - 1) =* 0.9 megohm. 

^ 13 

The insulation resistance over one km of the conductor will 
be 100 times greater (see Chapter 2, example 2.7), that is, 0*J x 100 ■ 90 
megohms. 

The megohmmeter or megger (ligurt 20.6) operates in the same 
manner as the ohnimeter. Instead of a battery, the power supply in 
this instrument is a small d«c generator which is driven by hand* 

The raegolurimeter generator may provide the circuit with a d-c voltage 
of 110-220 V, The internal resistance of the galvanometer is very 
large. The megohmmeter has a pushbutton for checking the measuring 
voltage and terminals for connection of the line conductors. In 
conducting measurements ttie instrument must be in a perfectly level 
position. 

Ihe measuring procedure is extremely simple. Connecting the 
Aground" and the conductor which is to be measured to the terminal 
clamps of the megohmmeter, depress the test button and at the same 
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time begin turning the generator handle at such a rate that the 
needle of the instrument remains at the red mark on the scale* 

Ihen, continuing to turn the handle at Ihe same rate, release the 
button and read tiie indication of the instrument. The value of 
the insulation resistance is read from the scale, which is graduated 
in megohms. 

In measuring the insulation resistance of the conductors of 
a cable the instrument reading is made only after turning the 
generator handle foraiperiod of one minute* 

There are megohmmeters which can provide tiie circuit with 
300 V and 1,000 v and can measure up to 1,000 megohms. For the 
measurement of the insulation resistance of the conductors of a 
cable the megohmmeters with measuring ranges up to 1,000 megohms 
are more suitable. 

The most accurate method for measuring resistances is the 
bridge method. Tliis method of measuring employs a circuit con- 
sisting of three resistors (A^ B, and an unknown resistance 
a galvanometer with the zero position in the center of the 
scale, switches and K 2 , and a batteiy E connected as shown in 
Figure 20.7. Resistors A and B are kiiown as tlie balance arms of 

the bridge, is the referoice resistor, and is the resistance 
to be measured. 

Tiie arrangement consists essentially of two parallel cir- 
cuits in which two currents ip ..and 13 flow at the same time. Be- 
tween points a and b there is connected a eensitive instrument 
across which current flows when tliere is a difference of potential 
between these points. There is no diffei'ence of potential between 
points a and b when ARj. ■ whence 

Kx - -4- 
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In order to measure resistance vith tlie aid of the bridge 
the wires or cable conductors are shorted at the far end. 

Tile measuring procedure is as follows. Having selected a 
given ratio (l/l, lAO, i/lOO, lAOOO) for resistors A and B, 
press switch thereby connecting tlie battery circuit. Switch 
K 2 is then pressed, connecting the galvanometer circuit. The 
galvanometer will be deflected to the right or left. Tlien release 
switch K 2 and change resistor Ef. Again press switch K 2 and observe 
tile galvanometer needle. Resistor is vaiied until the galvano- 
meter needle is in the zero position. Eesistance may fhen deter- 
mined from the formula 


Asymmetry of conductors (Eg - E^) may be measured by the 
three-sum (three-loop) method and by the grounded-loop method. 

For measurement of asymmetry by tiie three-sum method an 
auxiliary wire or conductor must be used. All three of the con» 
ductors of the cable are shorted at the far end as shown in 
Figure 20.8. The resistances of the loops consisting of conductors 
a-b, a-p, and b-p are measured by the method already described. 

These measurements yield the values Rp , and The resistance 

of each conductor may tiien be determined from the formulas* 

Rg a E-j ohms; % “ -ohrasj 

Rp = R^aE^>Ri „ ohms. 

From here the asymmetry of conductors and may easily be 
calculated. This method provides inadequate accuracy of results, 
hence the grounded-loop method is used in measuring asymmetry, since 
its results are more accurate. 
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In measuilng tho resistance asymmetry of \jiros or conauctors 


by the grounded-loop method the pair of conductors i^hich is to be 


asured is shorted at the far end anu grounoedo By var\*ing re- 


sistance Hj. (hif.^re 20 . 9)5 the balance condition of the bridge is 


attained (that is, the condition in nhich the galvanometer needle 


locatea at tiie aero position.), xiesistor Ej. v, lll then ind.tcate 


the value of as^/minetiy- in ohms. By means of sidtch S, resistor Hj. 


eiKays be joined vjiili the conductor with d'le lesser resistance. 


Before measuring tiie asymmetry tlie aero ]‘ositiori of the 


bridge .should be checked, for it may not always coincide with tiie 


zero point of liie galvanometer. 


20.3. Locating Circuit Faults 


The bridge method is widely usea in locating faults in 


cable conductors or overhead conductors. If a short exists betweeji 


tyjo conductors, it may be located by first measuring tlie loop 


resistance of the conductor-^ from the station to the location of 


the short (Figure 20.10) and then determining the distance to the 


fault by dividing the measured resistance by the loop-kilometer 


resistance value for conductors of the giveii diameter at the given 


tenmerature (for examnle. Table 20.1 ) or Hie latter resistance 


(for copper conauctors) may be calculated from the fomula E = 


Example 20. E. The diameter of the shorted conauctors of 
a cable is 0.9 icm. Deteimne the distance I to the point of the 


short circuit if the bridge reading for E^ is 62 ohms. 
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Solution. Tkie loop-kilometer resistance for cable conducbore 
with a diameter of 0.9 nirn may be calculated as 

R « - 55.3 olims per km; 

d2 0,92 

hence, 

/ m m ■ 1.469 km. 

^ — 3573 

If tlie coiiuuctors are in loose contact at the point of the 
short (as is often the case), then the value measured at tlie bridge 
will include botti the resistance of the loop and the resistance 
of the point of contact of ttie conductors. In such cases it is not 
possible to locate the fault iramediateiy; but it is necessary to 
perform the measurement twice in order locate tue iault accuiately. 
In order to determine whether or not the contact at tiie point of 
the short is loose, the measurements are first performec with the 
conductors open at the ends and then shorted. If the results of 
the measurements in both cases are identical, the additional re- 
sistance at the point of the fault is zero. If the results of 
measurement of die resistance with the conductors shorted at the 
end are smaller, this indicates that the fault has an additional 
resistance and the actual location of tbie fault (Figure 20.10) 
will be closer dian l.UBS km. To datermine the precise location 
of the fault in dds case it is necessary to measure the resistance 
of tbie conductors from both ends of the cable and to calculate the 
distances with the assumption that there is no additional resistance 
at hie location of tiie fault. 

If the distance is calculated on tlie basis of measurements 
made from the near end, it will be greater than the actual distance 
to the fault, and if it is calculated on the basis of measurements 
made from the far end, it will be less than the actual distance. 

The average of these two distances will be the actual distance to 
the fault. 
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In practice it is often inconvenient to carry the instru- 
ment to the other end of the cable, ana, if there is available a 
pair of non-faulted conductors, the measurements are performed 
as shown in Figure 20.11. In ttits case it is necessary to know 
the resistance of the latter pair, which can be obtained by 
measurement. 

Example 20.5. The non-faulted pair in Fi;;ure 20.11 has a 
resistance of 63 ohms. When it is connected to the defective 
pair (as shown In the fissure) the measured resistance is 108 ohms. 
Upon direct measurement of the defective pair (as shown in Figure 
20.10) the resistance reading is 37 ohms. If the conductors have 
a diameter of 0.9 mm, what is tiie distance to the fault and what 
is the contact resistance? 

Solution. At first we shall assume that the contact re- 
sistance is zero. In the previous example calculation shcn'.’ed the 
resistance of conductors with a diameter of 0.9 mm is ^9.3 ohms. 
Then the probable distance from the near end to the fault will be: 
lx * — ■■ a 0.67 km. 

The length of the operating pair is 
i * -“-5^3 * km. 

The probable distance from the far end to the fault is 

h » -l.lu = 0.82 km. 


the actual distance equal to the average value of the 

distances “ 0.67 km and A ” 1.14-0.82 = 0.32 kra; that is 
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In measuiing the distance from the near end tiiC contact 
resistance resulted in an error of 0.67-0.495 * 0.175 km of cable 
pair. Ejcpressing this in units of resistance, ve obtain 0.175 x 5^.3 » 
9*65 ohms, which is the value of the contact resistance. 

V.lth a constant ratio for the tvjo armt; tine bridge method may 
be used in locating faults due to low insulation of conductors as 
well as to contact between conductors, lignre 20.12 shows the ar- 
rangement of tlnis method in measuring to the point of grounding at 
one conductor. Variable resistor Rp is connected in series with 
the defective conductor, hhen the bridge has been balanced by 
changing R^. it will indicate that resistance R in the formula 

^ i-s equal to the loop resistance of the circuit from the 
point of the fault to the far ena provided that aims A and B are 
equal. Actually, examining Fi^nirc 20.12, we see that resistor Rj. 
is connected in series with the defective conductor, and since the 
resistance of the defective conductor from the bridge to the fault 
is balanced by an equal length of the f-^ood conductor, with the 
bri.dge balanced resistance is equal to the resistance of tlie 
loop from the far end to the point of fault. 

A variant method of measuring with a bridge witii a fixed 
ratio of the two arms may be employed for determining ohmic asymmetry, 
figure 20.13a shows the arranperaent used for measurements in this 
case. All the conductors are sliorted at the far end, as would be 
done if the loop resistance were to be measured. One of the good 
conductors is connected to the battery. Two of the remaining con- 
ductors are connected to the bridge and resistor Rj. is adjusted 
to balance the bridge^ If ths bridge does not balance, this will 
indicate that the liigher conductor resistance is connected in 
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series with resistor R [sicj, henco it is necessary to change the 
conauctor connection. If arms A and d are equal, then the value 
of Rj. will be equal to the difference between tiie resistances of 
the two conductors and the value of the asymmetry is obtained 
without calculation, 

A point of contact between two conductors may be uetermined 
with tine arrangement shown in Figure 20,13b. Using a tidrd-non» 
faulted conductor of the same diameter as the faulted pair, the 
additional resistance introduced by the contact is eliminated 
from the balancing circuit of the bridge by connecting it with tine 
battery circuit, vjhere it will not affect the result of the 
measurement, provided it is not so great that the current is too 
small for satisfactory operation of the instrument. 

As is seal from the diagram, vjith equal resistances in arms 
A and B and witii the bridge in balance, the resistance of the 
nori-faulted third conductor plus the resistance of one of tiie 
connecting conductors from the far end to the fault (i^ - is 
equal to ttie resistance of one conductor from the fault to the 
instrument plus the resistance R^., In other words, 

% + (a. - Ex) " P-x Hr, or Rx - ~ . 

2 

In practice, in locating a fault by this method it is neces- 
sary to use the bridge method with a fixed ratio of the two arms 
as described above and to measure the loop resistance of a pair 
consisting of one non-faulted (Uiird) conductor and one faulted 
conductor connected at their far ends. The value of the loop re- 
sistance of the conductors from the instrument to the fault may 
then be obtained by subtracting the value of resistance indicated 
by the bridge from the value of the resistance for the entire loop. 
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Ihe oridge method of measuring with a vaidable arm ratio is 
similar in principle to the method with a fixea arm ratio, the 
only difference being that, instead of establishing the bridge arras 
so that A equals B and using a variable resistor to compensate the 
difference between the resistances of the non-faulted conductor 
and the faulted conuuctor, arm B is completely eliminated and 
variable resistor Rj, is connected in its place, as shown in Figcire 
20. lU. viid:i such an arrangement the ratio of to A is equal to 
the ratio of the resistance of the faulted conauctor from the 
instrument to the fault to the resistance of this conductor from 
the fault to the far end plus the resistance of the non-faulted 
conductor, mathematically this may be expressed as 

. L - I 

A L + ^ ^ 

assuming the diameters ana material of the non-faulted and fauJ-ted 
conductors are tiie same. 


r.:<araple 2 ). 6, In Figure 20.14 Uie resistance of the arm is 
1,000 olims and tiie bridge is balanced with resistor at 634 olims. 
determine the distance to ttie fault in the insulation, both con- 
ductors having equal resistance and a length of 65> km. 


63h 

1,000 


65 > I 


or 634 ( 65 +/ ) 


1,000 ( 65 - / ) 


or 1,634/ » 23,790: 
hence, / « 14,56 km. 

'Ihi-^re are several other methods of raeasureraent employing the 


bridge to locate a fault, but they are more complicated. 


In all practical cases it is necessary to consider the 
correction for temperature, the effect of loading coils (where 
such coils are used), and the effect of the lead wires to the 
instrument when the length of the cable which is to be measured 
is short. 
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Measuring Ground Resistance and Checkinf^ the Volta^;e 


of Arresters 


In addition to conductor measurtmerits, the condition of 


grounds at cable and pilot poles is checked by resistance measure- 


ments, Qround-reairtance measurements are often performed by the 


ohree-sum method. This method of measurement and calculation is 


tlie same as ttiat already described in tills chapter for measurement 


Oi tiiree conductors. In this case it is necessary to have three 


grounds, tno of ^hich may be tenporailly established for the 


measurements. In oraer to avoid error it is necessary to perform 


the measurements with an a-c generator connected instead of the d-c 


supply. 


Ttie IZ-UB meter produced by })lants of the Ministry of Com- 


munications IS available for ground-resistance measurement. This 


instrument perraits direct reading of the resistance unaer measure- 


Testing of RA-350 gas-filled ari'esters is performed for tiie 


purpose ol detemining the voltage at whidi discharge occurs across 


the arrester. The tests are performed with an IGR-a? [gasf- filled 


testerj having a generator and boosting the voltage of an auto- 


transformer. By increasing 1he voltage at the output of the instru- 


ment the voltage at which tlie arrester begins to glow is established. 


If the glow does net begin until the voltage is above 350 + UO v. 


the arrtsster is unsatisfactory and must be replaced, for the volt- 


age on the conductor to which the arrester is connected may reach a 


level endangering the lives of the service personnel. 
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20. 5» Faiat Locator (IP ) 

Tlie IF instrument serves to detormine the direction of a 
fault of an overhead circuit (conductor) ana liie approximate 
distance to the circuit fault from any line v/ithout 

cutting/ the conductors unaer test. The IP instrument locates 
the follouing faultsi shorts in the conouctoro of telephone 
circu'^.ts, contact v;ith the pround of a telephone circuit (tele- 
graph conductor), breaks in conductors, contact between telephone 
circuits (telegraph conductors). 

In addition, the IP instrument may be used as a telephone. 
The basic diagram of the IP-4? instrumait is in Figure 

20.1b ana of the iP-50 instrument in ligui’e 2D .20. 

The IP-47 instrument consists of a magneto Ind with an 
interrupter, a switch K with three positions, a search coil KI, 
a transformer T, a telephone, a capacitor C, a 12-volt lamp of 
the switchboard typ>e, and a 1.5* volt batteiy. 

Before proceeding to date mine the location of the fault 
the line supervisor connects tiie fault locator by means of line 
cords andL 2 (figure 20.13) to an auxiliary or free circuit. 
Switch K of the instrument is set at position P (speech). 

By turning the magneto handle the station is rung along the 
circuit consisting oft the winding of magneto Ind, contact 9> 
capacitor C, line L;^, the station or another telephone connected 
in the circuit, line L contact 7 of switch K, the other end of 
the magneto winding. 
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During conversation the telephone transmitter is fed tiiirough 
the circuit consisting ofi the battery contact, contact 1 of 
ffi^itch K, primary winding of transformer T, transmitter M, and the 
batteiy. The pulsating current arising in this circuit during 
speech is converted by transformer T to an alternating speech cur- 
rent which flows along the circuit consisting ofi the secondary 
winding of transformer T, contact 10, capacitor C, line the 
station or another telephone, line L 2 , contacts 4 and 6 of switch K, 
telephone receiver T, the secoiiaary winding of transformer T, 

then tine line supervisor has received information concerning 
the nature of the fault and learns that the faulteo circuit is 
ready for testing, he disconnects the fault locator from the 
auxiliary circuit, connects it with cords and L2 to the faulted 
circuit and proceeds to cetemine the direction of the fault. 

The principle of operation of the instrument as a fault 
locator consists in the following. Upon turning the handle of the 
magneto, capacitor C becomes charged and then dischai''ges into tiie 
line. Ihe peilodic charging and diwschargd.ng of the capacitor is 
determined by the position of an eccentric interruptei’ on the 
iria|.a:ieto shaft. Khile the capact.tor is ctiarging the contacts of 
the int-errupter are open, and during discharge tiiey are closed, 

A search coil with a telephone receiver connected to it is used 
in determining the direction in which the discharge current of tiie 
capacitor flows from the fault locator (that is, the direction of 
the short circuit). 

Hie search coil consists of a steel core (which is placed 
over the line conductor) and a winding with its turns parallel to 
the conductor. If a pulse of current flows in the conductor over 
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which the coil is placed, the raagnctic field foiraed cirouiid the 
conductor excites an emf in the turns of tlie coil, and tiirou^ tlrie 
telephone receiver connected to the coil there flows a current, 
vrith the resiilt that a crackling sound is rieard in the receiver. 

The fault-locator circuit is completed by setting svdtch K at 
position I (Fi^^re 20,15). Tl:ds forms the circuit for charging the 
capacitor from the magheto and discharging it through the shorted 
line under test as shown in Figure 20. l6. 

AS thifc voltage of the rab,.:.neto rises to its maximum (peak) 
value with cont/set 11 of the interrupter open, the capacitor is 
charged along the circuit consisting ofs the magneto winding, 
contact 9 of tiie magneto, capacitor C, line the shorted point 
of die circuit, line L 2 , contact 7 ofa^iitch K, tlie mafpieto winding. 

\iiith the maxiraum value of rnaganeto voltage, when the 
capacitor receives its peak charge, contact 11 is closed by the 
eccentric, whereupon the capacitor discharges into the line along 
the circuit corisisti.ng ofs tiie capacitor plate, line tlrie 
shorted point of ‘the circuit, line 12# contact 7 of switch K, 
contact 11 of the interrupter, contact 2 of switch K, the 
capacitor plate. 

Ihe emf generated in the search coil causes a current which 
flows along the circuit consisting oft the coil winding, the 
telephone receiver, contacts 6 and 3 of switch it, tirie winding of 
the search coil. 

The induced current flowing through the telephone receiver 
causes a characteristic sharp crackle in the receiver. 

The test sequence for a faulted circuit is as follows. 
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U'hen the corniuctora ot a telephone circuit are shorted the 
section supei-visor from the line must request the technical per- 
sonnel of stations A and B to "complete isolation" of tiie faulted 
circuit for 2-3 r.inutes. The siipei^viaor connects tlie line cords 
of the fault locator to tiie conauctors of ti:ie faulted circuit, 
first cleaning the oxidation coating from the point of connection. 
Then he hangs the search coil KI oii one of the conductors of the 
circuit I 0-20 cm to tlie left of hie line-cord clamp, tiiat is, on 
the side facing station A (riture , sets the switch at 

position I, and, turning tlie ma^poto handle, listens with the re- 
ceiver. If crackle is liot heara in the receiver, the circuit is 
not faulted in the direction oi station A. 

Then the search coil is moved and hung on the conauctor to 
the right of the line clamp, that is, in hie direction of 
station B. As before, the key is set at position I and, turning 
the ma 4 : 116 to handle, the receiver is again used to listen for 
cracicle. The presence of crackle in tiie receiver confiims that 
the circuit is faulted in tiie direction of station B. 

The supervisor determines the approximate distance to the 
point of contact of the conductors by setting the switch at 
position L and, turning tiie magneto handle, watching the glow 
of the lamp (Figure 20. Ih). The glow of the lamp is due to the 
magneto current flowing along tiie circuit consisting ofj the 
ma^ieto winding, cohtact 9* capacitor C,,lirie 1^, tiie point. of , 
the. short on the line, linelb2» resistor H (shunting receiver T), 
lampii, the magneto winding. The distance to the fault may be 
approximately establisiied from tho ^ow of the lamp* 
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With a break in one conductor on a telephone circuit the 
section inspector frcan the line must request the technical per- 
sonnel to ^'complete the short" along the faulteo coriauctor for 
2-3 minutes at the same time at both stations (A and B) . 

The test with* the IP instrument is conductea in the same 
sequence as above. If, upon placing the search coil on the con- 
ductor to the left of the point of connection of the instrument, 
crackle is heard in the receiver, this uill indicate that there 
is no fault in the circuit in tlie direction of station A (Figui’e 
20 . 18 ). 

The search coil is then hung to the ri,„ht of the line cord, 
that is, in the direction of station B, The switch is left in 
the same position 1. Turning the mJfgpeto handle, the receiver is 
again used to listen for crackle. The absence of crackle in the 
receiver confirms that the break is located in ttie direction of 
station B. 

In addition to this method, the test may he performed by 
sending a ring from the line, in this case using the IP instru- 
ment as a portable telephone. With a break in a conductor of the 
telephone circuit there will be no ring at the station on the 
side of the break. 

When the conductor:: of two telephone circuits are in con- 
tact one of them (the less important) must be isolated at both 
ends of the station and the other left for operation. 

It is the duty of ttie line supervisor to ascertain which of 
the conductors of circuits H and M(Figure 20.19) are in contact 
and then to determine the direction of the fault relative to his 
position. 
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Which of the conductors of the circuits are in contact is 
detemined in the following manner, h line cord of the fault 
locator is connected to one of the conductors of th»j isolated 
circuit, the switch is set at position L (Figure 20.1t>), the 
second line cord is alternately connected to the conductors of 
the ottier circuit and, burning ti-ie m&giieto handle, the lamp is 
checked for glow (Figure 20,19a). If the lamp does not light 
up, the line cord must be changed from the first conductor of the 
isolated circuit to the second conductor and the second line 
cord must again be alternately connected to ttie Conductors of the 
other circuit until the lamp lights up. Trds will indicate ihat 
the given c-nductorc are in contact. 

Moreover, the approximate distance tX5 the fault may be 
judged from the glow of tlie lamp, 

When it has been ascertainea which of the conductors are 
in contact, the direction of the fault from the site of the test 
is determined by the previously described method (Figure 20.19b). 

The IP-50 insti-ument operates in the following manner 
(Figure 20.20) i 

a. In ringing the station, switch IT-PA (toggle) is set at 
tlie TA position and the laagneto handle is turned. The ma/meto 
current flows along the circu3.t consisting ofs contact 5^ line 
L|, tile switchboard or another telephone connected to the line, 
line L2, shiHiting contact SiiK, con-tact tiie switch, the magneto. 

b. In the passage of a call from the line or from the 
station the rf.nging current flows along the circuit consisting 
oft line contact ii-5, the bell Z, line Lg. 
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c. During speech the speech button is acpi'esseo and the 
telephone transmitter M is placed in the circuit. The pulsating 
speedi current flowing throu^^ winoing AT of the au to tx’ans former 
creatos a magnetic flux in its core, with the result Miat an emf 
is induced in winding BP and tJ:ie speech current flov;s along the 
circuit consisting of; end B of the autotronsformer, contact 

of the ma/gneto, line , the station, or another telephone, 
line L2, the 0.3»microfarad capacitor, the 0. ?-microfarad 
capacitor, end P of the auto transformer. This speech is not 
heard in the receiver, 

d. In listening to speech incoming from the line ttie cur- 
rent flow is tile same as during speech, 

Ihe search coil for the IP-50 instrument is provided with 
a separate telephone receiver. The distance to the location of 
the fault is aeterrained with the IP-50 fault locator in the same 
manner as i?ith the IPw-i? fault locator except that, instead of tiie 
switch, Ihe IP-TA toggle is set at the IP position. 

In determining the approximate distance to a point of contact 
betv^een conductors the IP-TA toggle is set at the TA position. 
Turning the magneto handle, the pushbutton of shut. ting contact ShK 
is depressed and the glow intensity of lamp is observed. 

The fault locator must always be kept clean and :Ln good 
working conditd.on. The instrument must be stored in a dry place. 

If moisture penetrates the instrument, it is necessary to dry it 
at a temperature not higher than C, The battery must be re- 
moved frem the instrument during the drying process. The insturu- 
ment must be kept covered unless in use for testing or for 
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telephone conversation, The switch of Hie IP-U7 instrument must 
be left in position L or I in order that Hie battery energy will 
not be wasted. The instnunent may be disassemblea only by super- 
visors familiar with its circuit, 

vShCTIO^ V. OPi iiAITOh OF LIKE i'SD CaiJLE COMHlihlCATxOiMS 

ChAPTEh 21. OiiG^vlilZ/v'ION OF OPIli^vTl.ONAl- AhD TECtihlQiL SEhVlCING 
OF LII'IE AND CABLL IHS'DvLLATIQN& OF 
IFiTERCm AND TELEHiOKE COiiMUNICATIONa 

21.1. Organization of Line Service 

Ihe main task in the organization of line service is main- 
taining line installations in constant working order, thereby 
insuring uninterrupted operation of intercity telegraph and tele- 
phone communications under any meteorolotH-cal conditions. This 
is achieved by technical inspection of line installations, 
systematic execution of preventive repairs, timely elimination 
of faults on communications lines, and the regular performance of 
repair work. 

For the operational and technical servicing of intercity- 
overhead communications lines (of class I and class II ) within the 
oblasts and krays of -ohe republics line technical units (LTU’s) are 
organized and subordinated to the oblast (kray) and republic com- 
munications administrations. The organizational scope of the LTU’b 
includes overhead lines of interci-ty telegraph and telephone com- 
munications from 1,000 to 2,000 km in length (including all cable 
entrances and inserts existing on -the lines), overhead junction 
lines and cable junction lines between telegraph centers and inter- 
city telephone exchanges at oblast, kray, and republic centers, 
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I 

and also betv^een tirie latter i.uQ radio centers. Also vithin Ihe 
scope of tlie LTU’s are conductors of tlie Minis tiy of Commuiii cations 
strung on poles of the Ministry of llailv.ays and other departraents. 

According to tie overall extent of line conductors, LTU*s 
are divided into four classes: extra-class uidts, servicing from 
7,500 to 15,000 km of intercity telegraph ana telephone communi- 
cations conductors, of v.hich not less tian 3,000 km are nonferrous 
conductors! class I units, servicing from 7,500 to 15,000 km of 
conductors; class II units, servicing from U,500 to 7,500 k^i; and 
class III units, servicing from 2,000 to 4,500 Ion. 

The line technical units are providea vdth tlie transport 
facilities, machinery, instruments, tools, materials, and imple- 
ments necessary for operations in repairing and maintaining line 
and cable installations. 

On the communications routes serviced by the Lru*s line 
sections (LU*s) are established. The extent of the line sections 
depends on tiie importance of the intercity communications line and 
on the average is as follows: on the n.ain trunks of telegraph and 
telephone communications, 150 km; on trunk lines of commmdcaticais, 
200 km; and on intra-oblast lines, 260 km. 

Within the makeup of the LU*s are sections of line (sectional) 
supervisors (NDT’s) which are directly subordinate to the line 
section chief (LUM). The average extent of the NDT sections is as 
follows: on the main trunks of telegraph and telephone communica- 
tions, l5 km; on trunk lines of communications, 23 km; and on 
intra-oblast lines, 30 km. These figures vary according to the 
climatic and topographic conditions of the locality throu^ which 
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the lines pass. If the communications lines pass throu^^ regions 
of severe icing, taiga, hif^ moun ‘bains, or svjamps, Uie t'DT and 11^ 
sections may be decreased by 20 percent. 

Where a section has coiomuni cations lines running parallel, 
the extent of the lUJ] and nDT sections is decreased (with two 
parallel lines the extent is decreased by 10 percent ana with Uiree 
parallel lines by 20 percent, depending on the number of con- 
ductx)i''s strung on ttiese lines). 

If line conductors of the Ministry of Comraunications are 
strung on poles of the Ministrj^ of Hallways or other departiaents 
(repair of which is performed by the owners of the lines) and if 
there are no parallel lines of the Ministry of Communications, the 
extent of the sections is increased by 40 percent for the LUs's and 
by percent for the KBT's. 

In determining the extent of sections on which there are 
cable inserts, one kiiometer of cable (regardless of Its capacity 
and tfie nu ber of cable cases and vaults) is equated with one 
kilometer of overhead line. 

For labor-consuming opera tioriS in preparing and liauling 
poles, repairing line installations, replacing conauctors, clear- 
ing the right of way, and also for restoration operations on lines 
of communications in each line section (with the exception of Ihe 
main trunks of telegraph and telephone commur ica tions) the duties 
of skilled staff workers are prescidbed, allowing one worker for 
each 1 $ km of line and one worker for each 1,000 km of conductor. 
On line sections of ttie main trunks of telegraph and telephone 
communications, in order to insure intensified operational and 
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technical servicing of line installations, emergency restoration 
brigades (aVB’s) composed of eight workers in non-icing areas and 
ten workers in icing areas and led by a technician of the line 
section are organized. 

The staff workers [ShR in Figoire 21. ij in line sections as 
well at? the W1jT*s are directly subordinate to -die cnief of tlie 
line section and are assigned along xkie line in such a way that they 
may be quickly assembled for restoration operations in case of 
emergency on the line. 

Along communications lines passing throuji^ sparsely populated, 
taiga, ana wilderness areas of Uie North a staff worker is often 
assigned at each point where there is an I:DT so that during un- 
favorable weather conditions in winter the latter can inspect the 
line with a companion. 

At line technical units at the oblast, kray, and republic 
centers supervisors of emergency service are organized in round- 
the-clock shifts. These supervisors maintain constant contact 
witii the technical personnel at ttie distributing frames of the 
oblast intercity telephone exchanges and telegraph centers and in 
case of disturbance of communications they test the circuits and 
conductors from the test poles nearest to the exchanges and upwi 
the instruction of the LTU chief go out on the line to assist xhe 
section sipsrvisors in restoring communications as soon as possible. 

The scheme of the organization of line service on intercity 
telegraph and telephone communications lines is shown in Figure 
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Constant control of the technical condition and the quality 
of servicing of line and cable iBtallations of trunk telegraph 
and telephone communications by the Ministry of Communications is 
maintained by trunk line engineer-instructors to whom the indi- 
vidual management of truiik lines with an extent of 2,000-3,000 km 
is assigned. 

21.2. Organization of Cable Service 

Wiere overhead communications lines have cable inserts of 
considerable extent (for example, in city sections, at rig):it 
crossings, in crossing electric railroads, etc) ana in considera- 
tion of the specific requirements for servicing cable installa- 
tions, the compositior; ( f line technical units includes separate 
cable sections (KU) — one section for each 150 km of cable. For 
the maintenance of cable installations the cable sections assign a 
supervisor-solderer for each 2^ km of cable run, including line 
facilities and equipments (cable vaults, cabinets and cases, 
cable boxes, cast iron sleeves, surveying markers, underground 
conduits with inspection shafts or boxes, guard signs or signal 
markers at cable crossings on rivers with shipping or barge 
transport, devices protecting the lead sheathing of cable against 
electrioal corrosion). 

In individual oblasts, krays, or republics where there are 
four or five cable sections within an LTU (depending on the im- 
portance of the intercity cable lines which are to be serviced) 
and where it is necessary to improve the management of the cable 
sections, intercity cable units (MKU*s) are created which are 
subordinate to the oblast or kray communications administrations. 
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For the operational* technical maintenance of trunk cable com- 
munications lines of ;^reat extent Joininc Mo5CO\>; vjith the main 
telegraph and telephone communications units on the union level and 
also with tthe republic and large industrial centers, administra- 
tions of technical operation of cable telegraph- telephone trunks 
(UKIi) are organized which are directly subordinate to the Ail- 
Union Ministry of Communications. The a omini strati ve scope of the 
UKM*s extends to cable lines of intercity telegraph and telephone 
communications with an overall extent of up to 3,000 km with all 
the associated cable ana exchange installations. 

within the administrations of cable trunks and for each ^00 
km of cable run there are organized districts of technical opera- 
tion of telegraph and telephone cable trunks (KKM*s), which in 
turn are divided into sections (for 130-150 km of cable run) known 
as cable sections (]CU*s). WiHiin the cable sections, there are as- 
signed supervisor-solderer? unaer .whom sections of cable run not 
less than 25 kin long are maintained. 

At each KKM there is a group for electrical measurements 
and protection of the cable against corrosion. This group performs 
scheduled cable maintenmice measurements, comparing these measure- 
ments with the data on the rating sheets fo?* the line installations 
and communications channels, and locates cable faults. Each HKM 
also includes a repair and restoration brigade which performs re- 
pair and restoration operations, maintains the signal devices 
which warn of faulty cable insulation and reduced air pressure 
within cables, performs measurements to determine the strength of 
stray currents and the appearance of anodic areas along the cable 
rm, and takes the necessary steps to protect tiie cables against 
the harmful effects of stray currents and ground corrosion. Vdithin 
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each iiKM there is aleo a ^>;roup for marking off and supervising 
digfjing operations. This group coordinates and authorii'-es the 
digging operations of outside organisations within the protected 
zone of cable lines and checks on their progress. 

21.3* Line Service Equipment 

Overhead lines often pass throu^ sparsely populated areas 
where the distances between isolated settlements are considerable. 

In order to insure unifonn spacing of section supei^isors 
in such areas repairman homes are built alon the line and for 
the line sections and line technical units auxiliary buildings 
with supply yards are Ci-ns true ted. Along communications lines in 
tfie sparsely popiilated taiga areas of the Korth, between repairman 
homes there are additional winter houses where the supervisors may 
rest when out on the line. 

Since the repairman homes are the fixed residences of 
section supervisors, stationary telephones are installed there 
for round-the-clock communication with nearby repeater points or 
test points and storerooms are provided for instruments, tools, 
and operational reserves of line materials. 

For the maintenance of line installations each section 
supervisor must have a portable telephone of the bKAI or TAI-43 
type with an attachment for locating faults or a special fault 
locator, a pocket volt-milliammeter, climbers, a repainoan belt 
with an insulated strap and a repair kit with a set of tools. 

The tools consist of pliers 200 jTim long for work with steel con- 
ductors, pliers with copper inserts for work with nonferrous 
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conductors, a trihedral soldering iron, a screwdriver, a drill with 
a diaIrle^er of l6 ram ana length 360 ram, small- three-pulley blocks 
with a diameter of uO min ana pai-allel grips, and 15-20 m of rope 
0 ram in diameter. All these tools are required for the elimina- 
tion of faults. 

lor preventive maintenance on tlrn- section the supwi visor must 
have pliers 200 nm long, a hack knife, a hook wrench 300 ram long 
and IG min in uiameter, an adjustable bolt wrench 300 mm long, a 
forkea holder for joirdng nonferrous conductors by the sleeve 
metiiod, tongs for thermite muffle welding of conductors, protective 
goggles, a screw auger l6 ram in diameter and 300 mm long, a vise, 
a hand saw, a sapper *3 axe with a 125 -mm cutting edge, a shovel, a 
small crowbar for tightening straps, and an instrument for clean- 
ing insulators. According to the nature of the work to be performed, 
the supervisor carries ttie necessary tools with him. 

For the elimination of faults and the performance of prevoitive 
maintenance and repair operations on the sections at each NDT point 
there is created the following emergency and operational reserve of 
basic line materials! 200 in of field cable, 15 kg of steel line 
wire, 1 kg of galvanized tie wire, 10 kg of copper line wire (where 
copper circuits are in use), 0.5 kg of copper tie wire, 10 kg of 
wire rope for straps, 10 insulators, Hiese reserve niatwrials must 
be replaced as they are used. In addition to the above materials, 
each FDT point must have the following in reserve; 5 hooks, 2 pins, 
sufficient packing material for installing 10-15 insulators, i; line 
grips, a set of thermite cartridges with fuses (50 per box) for each 
diameter of conductor on the line, and U copper sleeves for each 
diameter of nonferrous conductor. 
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For vork on communications lines bbving crossings with or 
running parallel and close to lifting conductors and hi^i-volt- 
age transmission lines the NDT is provided with insulating gloves 
and rubber overshoes. 

On trips for restoration operations and for tiie elimination 
of breakdovms on communications lines, upon presentation of standard 
travel papers the communications code entitles sections supervisors 
to unhindered passage on all passenger and freight trains, busses, 
and ships, as well as on individual locomotives and rail cars in 
places suitable for inspection of lines, liaterials anu tools will 
be transported free of charge. For movonent along the line the 
supervisors are provide with skis in winter and bicycles in summer. 
For most rapid location and elimination of faults on the line at 
ni^t the NDT is issued a flashlight. 

For transport of line materials, implements, ami property 
of the repair column each line section has one or two horses. 
Emergency restoration brigades on main ti'unks passing along high- 
ways are equipped with GA.Z-51 trucks and, lacking improved roads, 
with the GA.Z-63 trucks with increased ability to move over dif» 
ficult terrain, A permanent reserve of materials and tods ss 
called for in tlie table of supplies for the emergency restoration 
brigades (AVB’s) is kept in ttie AVB trucks. These trucks are also 
equipped with revolvable li^ts for inspection of conductors at 
night. 


For hauling of poles and other materials the line technical 
units are provided with ZIS-5 and GAZ-51 trucks and trailers, and 
for emergency engineering trips they are provided with QA2-69 trucks. 
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In procuring poles in forest regions the line technical unite use 
DT-5ii or S-80 tractors and Kr-12 skid tractors. For mechanization 
of heavy vork in digging holes and raising poles during line re«* 
pairs the line technical units are equipped with combination der- 
ricks and pole-hole diggers. In raising poles in line sections use 
is also made of hand winches. For finishing poles at storage 
points (roofing, drilling holes for hooks, cutting gains for cross- 
arms, etc) tiie line technical ^anits are equipped with portable 
power units witii a set of power tools (saw, drill, plane). The 
section supervisors and line workers are issued work clothes for 
wear during repair w’ork arid in maintenance work on line ^and cable 
installations. 

21.4. Auxiliary Communications 

The pui'pose of auxiliary communications. In order to insure 
clear and reliable operation of line ana exchange services 
auxiliary communications are organized for test points and amplify- 
ing (relay) points, MTS»s [intercity telephone exchanges] and tele- 
graph centers, as well as for line technical units with technical 
personnel located along ttie run of an intercity line — section 
supervisors, chiefs of line sections. 

Arrangemcsit of auxiliary communi cations on separate cir- 
cuits. All UUI and LUk points along a repeater section are included 
in steel circuits set aside for auxiliary communications. In the 
absence of selector equipment, wall telephones with MB [local 
battery] supply are installed in parallel. Ihe bells in these 
telephones have a hi^-impedance winding (2,000 ohms), hence with 
parallel connection of several phones excellent audibility and 
normal passage of ringing signals are obtained. 
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If more +iian five or six telephones are connected in 
parallel in an auxiliaiy conBnuni cations cirGiAj.t, it is recommended 
that at the hDT point in the middle of the repeater section this 
circuit be broken and separate telephones be installed at each end 
of the break. In case it is necessary to reconnect the circuit at 
this point an appropriate switch is installed. 

As a rule, telephones are connected to the auxiliary com- 
munications circuit throug^i transformers. In this arranp;ement 
the telephone need be connected only to half of the primary (ex- 
change-side) winding of the transfoimer, Vdth hie use of trans- 
formers the attenuation of ringing and speech currents is consi- 
derably reduced (in comparison with direct connection of the 
telephones in the circuit) due to the hi^i input impedance of the 
secondary (line-side) winding of the transformer. The arrange- 
ment of circuit entrances of auxiliary communications at KDT points 
is made according to the regulations for installation of sub- 
scriber entrances. Subscriber fuses are used as protective devices. 

At an intercity telephone exchange or a repeater point the 
auxiliary communications circuits are connected to jack positions 
in the input svdtching equipment of the line control room. 

Arrangement of auxiliary communications along separate con- 
ductors. In this case auxiliary communications are achieved with 
a single-wire circuit. If considerable interference from tele- 
graph apparatus is observed, the auxiliary telephones are connected 
to the conductor throu^ DK-0.1 filters. Since these filters do 
not pass the ringing (magneto) current, for transmission of ring- 
ing signals it is necessary to install special switches at the 
telephone positions. Thereby the filter is connected only during 
conversation) the rest of the time the telephone is connected to 
the conductor without the filter. 
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Arrangement of auxiliary coimiunicatLons viithout separate 
circuits and conauctors. In the absence of separate circuits arid 
conductors auxiliary communications vith technical personnel is 
achieved along circuits of intra-oblast and intra-rayon communica- 
tions. For this purpose at all NET points telephones are con- 
nected >vitli the local subexchanges. Conversations conducted in 
restoring communications are listed imder Hie category of “com- 
munica tious emergency. ” 

If the subexchange is not operated on a 2u-hour basis, at 
the end of duty the telephone operator connects the NET auxiliary' 
telephone receiver in parallel -witii the circuit joining the sub- 
5 l:ation vith the rayon center. In such cases NET is called at 
night by transmitting a prescribed number of rings. 

21.5* Organization of the Viiork of Section Supervisors 

In order to insure uninterrupteu operation of telegraph and 
telephone communications by maintaining line installations in 
consent vorking condition and by timely execution of measures for 
the prevention of faults the section supervisor makes regular 
maintenance patrols of the communications lines vitliin his section 
and performs minor repairs. 

As a rule, maintenance patrols on main trunks of telegraph 
and telephone communications are made by section supervisors three 
times a week and on intercity lines (trunk and intra-oblast) twice 
a week. The supervisor patrols his section on foot and carefully 
checks the condition of line installations, eliminating defects he 
discovers along the line. In preparing the schedules for such 
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patrols consids ration is .;iven to the time of year and the travel 
conditions alon^ the line, including ttie likelihood of faults and 
the volme of maintenance and repair work Hhich the section super- 
visor is liable to perform* 

In the spring after the sriov has melted tiie supervisor makes 
a special patrol of his entire section for the purpose of collecting 
metal scrap -which could be thrown against conductors and cause 
damage to communications* Mth the beginning of farming operations 
the section is patrolled moi'e frequently in areas where tractors 
are used and movement of auto transyjort increases* Patrols must 
also be made more frequently during the harvest period* 

On urban sections and in localities where any construction 
or loading and unloading operations are performed near communica- 
tions lines the schedule calls for more frequent patrols* hherever 
necessary the section supervisors must rmain at -work sites -bo 
insure ttiat such -work does not interfere -with communications or 
cause line faults. For daily inspection of communications lines 
on urban sections in oblast, kray, and republic centers shift 
inspectors of the emergency service under the LTU are usually as- 
signed to assist the section supervisors. 

The section super-visors prepare the schedules of maintenance 
patrols on the basis of a six-day work week and an ei^t-hour work 
day. The time no ms given in Table 21.1 are used in preparing the 
schedules* 

The time required for returning from patrol is based on the 
average pedestrian rate of U km per hour. 
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TA}3I,E 21.1 


nm I’oiits FOK Fkm)i AND Fimmnyi matk't'I'Mance of i km of line 


No of conouctors 
on line 

Time norm for 
patrol and in- 
spection of 1 
km of line 
(minutes) 

Time nom for 
maintenance 
work on 1 km 
of line 
(minutes) 

up to 8 conductors 

20 

40 

up to l6 conductors 

25 

70 

up to 2u con Qiic tors 

30 

90 

more than 2h 

35 

120 


In Table 21.1 tlie time norms for preventive maintenance in 
replacing defective insulators and ties, cleaning insulators, re- 
placing straps, strai^tening hooks and crossams, adjusting con- 
ductors, straightening poles, and triiniriing trees are based on the 
volume of work given in Table 21.2. 

The time vhich the section supervisor requires for patrol- 
ling the line and performing maintenance i-jork is determined from 
the above norms. 

Example 21.1. Let the length of intercity communications 
lines of class II wittiin the section of a line supervisor be 25 
km; l6 conductors are strung on the line. Determine the amount 
of time required by the supervisor for ei^t patrols of his section 
in performing the necessary maintenance work. 

Solution. According to the norms given in Table 21.1, 25 
minutes are required to patrol a kilometer of line with l6 con- 
ductors. Hence, the time spent in patrolling tie entire section 
will be 25 min x 25 ■ 10 hr 25 min. In addition, in returning 
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from patrol (in the absence of transportation tine supervisor walks 
one kni in 15 min) the time spent is 15 x 25 *■ 375 min ■ 6 hr 15 
min, Hius, the total time spent on one patrol is 10 hr 25 min + 

6 hr 15 min » 16 hr hO min, and on eight patrols 16 hr UO min x 8 * 
133 hr 20 min. 

In preparing the patrol schedules supervisors of adjacent 
sections shall iiave different days of rest sc that in case of a 
fault on the line of a supervisor on Ids day off the cupv^rvisors 
of the acijacent sections can quickly eliminate the fault. 

Consideration must also be given to settlements along tiie 
r\xn where the supervisor can find a night’ s lodging and to trans- 
portation facilities for the return trip to his place of pc-nnaneiit 
residence. 

khere it is necessary to remain overnight at a settlement 
along the line, ivith the approval of the LUh, the section super- 
viior is given a quarters allowance. For rail travel rail tickets 
are issued or payment is made for bus travel wiitiin the limits of 
the section. 

The section supervisor must be ready at any time of day to 
go out on the line in order to locate and eliminate a fault in the 
shortest possible time. Hence, even during his off-duty hours the 
supervisor must inform the chief of the line section and tiie 
technical personnel of the nearest repeater (test) point of his 
absence from the section. The section supervisor is givoi time 
off as compensation for work performed on the line during off-duty 
hours. In addition to the regular two-week vacation the line 
supervisor may be allowed leave in the amount of six working days 
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for work in excess of tiiat called for uiidei* the norms. During 


prolonged absence of ^he section supervisor (detached service. 


vacation) an experienced staff worker is sent as a replacement 


to tile iilT point on the trunk telegraph and telephone lirte. 


T/U3LE 21.2 


Av\oRiAGE TIME REQUTHI.L' FOH IIvU Ilfl-dAL OPl.PATTOi''? 


PERloivrLD 131 liE LINE ELTI.kVTFOR V.hll.-E ON MiLlKTNlANCE PATR'JL 


Operation 


No of operations to be 
perfomed 


Average time 
per unit of 
work (minutes) 


Replace insulators 


1% of total No 


Replace ties 


2% of total Mo 


Clean insula tors 


100^ of total tsJo 


Same, in vicinity of 
railroad stations 
and near factories 
and plants 


lOOiS of total No 


Straightening hooks 


1^ of total No 


Adjusting 1 km of 
conductor 


1^^ of total extent 


Straightening poles 


1 pole per km 


Replacing straps 


0.5^ of total No 


Straightening crossaxms 2 crossamis per km 


Trimming of branches per 
km of line 


On intra-oblast communications lines responsibility for 


servicing the section of a supervisor on vacation or detached 


of the adjacent sections. 
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Frequency 


once a year 


twice a year 


twice a month 


once a year 


twice a year 


once a year 


twice a year 


service for not more than a month devolves upon the supervisors 
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The condition of line instaila tions ana tlie quality of 
.«ii.tcnance inopectioi.e over the section of a line supervisor 
arc reguarly checked by cl,e ciiief of the line section. Such 
checks are made once a montii on tnu.k comirmni ca cions lines ana 
once every tvo months on intra-oblast lines according to the 
schedule approved by the ITU chief. 


In Ids teolmicai inspecUon of toe line instaUa dons the 
chief of the line section checks for defects on toe line cno as- 
certains their causes. He .ives toe section supervisor a 
specific assignmer^t for completion of maintenance operations on 
fhe line and prescribes the time in uhich it is to be done. He 
alters the results of his inspection in thelection supervisor’s 
record. On his next inspection of the line installations the 
chief of the line section checks for completion of the assign- 
Rient by the section supervisor. 


The work done each day by toe section supervisor is 
entered in the record anu a monthly report of toe >.>ork completed 
is presaited to the chief of the line section. 

For rapid elimination of random faults on toe line in ac- 
cordance ,dto instructions during toe maintenance inspection 
and execution of work on toe line, the seoUon supervisor main- 
tains contact With the technical personnel of toe nearby exchanges 
by connecting his phone to the line every 1-2 hours. 

Upon disturbance of toe operation of telegraph and telephone 
communications the section supervisor proceeds without dispute or 
aelay to cariy out toe operational instruetdons of the exchange 
technical personnel of the communications enterprise in charge of 
the testing and restoration of the damaged ooramunioations. 
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Dux'ing oporta tion of a repciir coluftifi on o section Mia super- 
visor of tlie latter ’tokos part in titie yox’k as a of Mm 

brigade or as an assistant aiic checks on the quality of the v^ork 
to see tiriat it is performed in accordance vdth the teclinical regu- 
laticaas and with strict observation of rules for safety in working 
with live conductors without peiroitting any interference or dis- 
turbance of communications operations. He maintains regular 
contact with tlie technical personnel of the nearest repeater 
points (DP’s), telegraph centers, intercity telephone exchanges 
(MTS*s), or test points (KP) ana, as a rule, reports each day on 
the begrinning and conclusion of repair operations on the section. 

21.6. Preventive Maintc.iance on Communications Lines 

The basic and decicUng factor in insuring trouble-free 
operation of telegraph and telephone communications is the 
supervisors* precise ana unfailing fulfillment of tl:ie require- 
ments of the Instruktsii uchastkovomu nadsmotrshchiku 
mezhdugorodnytdi telefonno-telegrafnykh liriiy s’vyazi [instructions 
for Section Supervisors of Intercity Telephone and Telegraph Com- 
municationsj ( Svya z * i zda t, 1949) • Hence, each section supervisor 
must be well acquainted wiiii and precisely and scrupulously per- 
form his duties as outlined in the above instructions. 

The work experience of advanced aection supervisors who are 
the real masters of their work and have attained tix)ubie-free 
opera Tiion of the communications lines in their sections over a 
long period of time shows that the secret of their success is ■ftieir 
excellent knowledge of the condition of line installations, daily 
work along the section in discovering and eliminating oonditiona 
which may cause faults, and the timely adoption of measures for 
anticipating random faults. 
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For example, in order that faults vlll not be caused by 
objects fallin^T on conductors the v)o.rk of the section supervisor 
must not be limited to patherinp metal objects along ttie line 
vhich may be flung onto the conductors. It is neceseary to ex- 
plain how these metal objects came to be where they are. If -ttiey 
are the ends of old ties or line wire, then it is necessary that 
during v/crk on the section tiie repair columri establish a procedure 
whereby each worker gives the brigade leader of the column tlie 
old ties and enas of wire in order that the line will not be 
fouled by them. On communications lines passing along railroads 
it is necessaiy to persuade the rail shops (tiirough the Lih<s 
and L ill's or the communications aoministration) to organize the 
collection of rail jumpers when replacing tiiem and of the stove 
wire used for fastening snow sidelds, and also to use nonmetallic 
materials for this purpose. 

In populated localities, at loaddng and unloading points, 
and in construction areas ail homeowners and or;,anizations con- 
ducting work near the protective zone of communications lines 
must be informed of the safety measures to be adopted in the execu- 
tion of their vjork and must be personally v/amed by the section 
supervisor of tlieir liability for violation of the Pravjil us troys tva 
i okhrany liniy svyazi [Regulations for Installation and Protection 
of Communications Lines J (SvyazHzdat, 194^). 

At the same time the section supervisor systematically 
conducts explanatory work in the schools, in pioneer detachments, 
and among the people living along the communications lines. He 
tells them of the harm caused by damage done to communication lines 
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and to tiieir proteoUve arrangoments. Not one case of damage to 
line installations is to go uninvestigated, for this is the 
socialist property of the state, and in all oases the guUty onos 
must be brought to account. 

lilt vork method of Ze. M. lendn has found vide application 
in the work of the advanced section supervisors. Essentially tnis 
method consists in the fact that at the same time the preventive- 
maintenance inspections are being made over the entire section in 
accordance with the NOT scliedule, systematic preventive repair of 
the line and conductors is being perfomed on one stage of the 
section. For ttiis purpose the entire sections is divided into 
several stages of 15-20 poles each. During each prevent! ve-,aain- 
tenance inspection of the entire section tiie supervisor climbs 
each oi tlie poles in a given stage and carefully checks the con- 
dition of tlie fastening of accessories and conductors and 
elamxnates defects in the placement of Insulators, tying of con- 
ductors, fastening of crossarms, brackets, pins, and hooks. At 
the sane time he perfonris the regular cleaning of insulators. 

Perfomance of work by the Lemin metliod permits the section 
supervisor to be well acquainted with the condition of line in- 
stallations along his section and at the same time to discover 
and eliminate defects occurring on tlie line ana thereby to pre- 
vent possible disturbances of telegraph and telephone communications. 

The valuable work experience of advanced section super- 
visors in adopting special measures for the prevention of faults 
is also worthy of attention. Ihus, to prevent breaking of insu- 
lators when conductors have a sharp bend in the horizontal plane 
the levelling of the lines is changed so that the conductors rest 
on the insulators and there is no upward stress on the ties on the 
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individual poles. In putting tine insulators on th^? pins stiliur is 
used instead of cable filler. In order to prevent conductors frojn 
being broken by fi^rm machines passing unaer coiiiiuunications lines 
arrangements are raaae with the MTS* s [machine and tractor stations], 
sovkhozes, and kolkhozes along tiie line to desij^ate particular 
points for passage and to increase the clearances at those points. 

In order to prevent trees from falling onto lines tiie right of 
way is increased. In order to prevent damage during construction 
operations near the protective zone of communications lines agree* 
ment is made with tlie organizations perfoniiing such work on a pro- 
cedure Tiiich will insure unin teri*up tec operation of telegraph and 
telephone communications lines auring the work. Section supervisors 
are present during the execution of any operations which Kiay cause 
damage to the sections. It is very important that in the course of 
his duties the section supervisor deal personally witli the indi- 
viduals performing this work and instruct them so that damage will 
be avoided. 

On sections serviced by inexperienced supervisors line 
faiilts often arise during bad weather from so-called ’'elemental 
causes” and the supervisors must go out into such weather (often 
at night) to eliminate the faults. The work experience of advanced 
supervisors attests that with good maintenance of line instaila- 
tions faults will not occur even under the most unfavorable weather 
conditions. 

A study of the causes of line faults during hurricanes, 
icing, vibration of conductors, and spring flood shows that their 
real causes are defects in the condition of line installations 
which were not detected in time and eliminated by the line super- 
visor. 
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Thus, idth a sood knowledge of the condition of line instal- 
lations on the section and with tiniely discovery and elimination 
of defects in the condition of line installations the line super- 
visor has every possibility of preventing any fault which may 
occur on intercity telegraph and telephone lines. 

21.7. Preparing Line Installations for h'inter Conditions 

In order to ii'isure trouble-free operation of telegraph and 
telephone communications lines under any unfavorable conditions 
during the fall-winter and winter-sprinj; periods the line technical 
units adopt special measures in accordance with Instruktsiya o 
merakh po obespecheniyu bespereboynoy raboty telefoimo-telegrafnykh 
svyazey pri obrazovanii na provodakh osadkov izmoroai i gololeda 
[Instructions on Measures for Trouble- i'ree Operation of Telephone 
and Telegraph Communications Dui’ing the Foi*mation of Hoarfrost and 
Ice Deposits caa Conductors] (Svyaz’izdat, 1954)* The section 
supervisor must be familiar with the requirements of these instruc- 
tions and carry them out exactly. 

In preparing for winter conditions it is of decisive import- 
ance that the weakest and most vulnerable points on the line 
discovered during operation. Hence, all decaying poles must be 
replaced during the simimer. During the same season work must be 
perfomed in adjxisting and replacing old conductors as well as in 
detecting and replacing defective areas on conductors. Itiis is 
especially important in areas where conductors are subject to vibra- 
tion and where there are frequent cases of conductors wearing out 
throu^ rubbing against insulators. Such defective sections may 
be discovered by the section supervisor while cleaning the insu- 
lators. 
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Iwhere the s-upe-rvisor’ s inspection ol line installation shows 
it to be necessary the line is strengthened with auti-wind and re» 
inforoed poles. 

The section supervisor also makes a careful check of ail 
poles parallel with communications lines or Li^^-voltage lines 
v.hich in falling may damage the communications lines serviced by 
him. 


In order to prevent breaking of conductors and falling of 
poles of other lines at crossings with intercity tele,::r£^ph and 
telephone lines the section supervisor must conduct a regular 
careful inspection of all crossings, check the clearances for 
conformance with tlie norms, check the condition of poles and con- 
ductors at the crossings, and take the necessary steps to see that 
they are in accordance with tlie technical requiretaents. 

In order to combat icing conditions on intercity telegraph 
and telephone lines, upon the request of the communications ad- 
ministration the oblast (or kray) executive committees approve 
the plan for mobilizing additional workers from the kolkhozes and 
local residents. 

In accordance with these plans the line technical units 
contract with the kolkhozes for the formation of a work force 
and the provision of transportation facilities in order to carry 
out operations to combat icing. The emergency restoration brigades 
on main communicatLons trunks are reinforced with workers assigned 
from ttie rayon communications offices. Ttiese workers remove the 
ice from conductors and perform restoration operations during dis- 
turbances of communications. 
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V.ooaeu staves and vooden poles, tlie latter oeing i>»8 ra long 
(bamboo, birch, or I'lr) are mace ana ti-aneported at hlT points in 
order to strike ice ana hoarfrost from the conductors. Brooms 
are made for sweeping wet snow from crossarms, i-iachines and at- 
tachments for removini' ice from conductors are readied. 

hi til the appearance of ice deposits the section supervisor 
must quickly inform the chief of the line section and tiie MTE or 
UP technician and quickly organise removal of the deposits. 

Removal of ice deposits must be achieved on aj.1 conductors. 
Removal of hoarfrost or rime is necessary only on nonferrous con- 
ductors with liigh-frequency carrier transmission. 

Ice or hoarfrost is ronoved from conductors by means of a 
strip of wood (a scraper) fastened onto the end of a light pole, 
or the conductors are struck lightly with the pole beginning at 
the point of suspension of the conductor. The poles are carried 
between the conductors in the vertical position. The conductors 
must not be struck so that they come in contact with one another. 
Ice or hoarfrost deposits may be removed from conductors by the 
use of pneumatic hammers operated from compressor units or con- 
taiiiers or compressed air« 

Rime may be removed from the conductors by striking ihem 
with wooden staves at the pole. 

As the snow begins to melt flood preparations are made and 

the following steps are takeni 

m the basis of the experience of previous years the 
condition of the line at all danger spots along the route of the 
ice breaker and the spring waters is inspectedj 
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the necessary materiaiw^, tools, and trnplemerits are 
readied and transported to the points of possible breakdown; 

at overhead crossirP:.s of rivers standby crossings are 
made by laying PRVPM cable and stringing conductoi's on other 
poles; 

at cable crossings of rivers -die ice is chopped away 
at the shore ends of tlie cable and trie condition of the shore 
fastenings of the cable is checked; 

at especially important points emergency restoration 
brigades are organized on a round-the-clock basis ana the brigades 
are equipped with the necessary materials, tools, and boats; 
teriporary telephone communications are established with the 
brigades, 

V^ierever necessary special work is perfomed to reinforce 
line installations in the path of the ice flow end flood. 

Well-executed precautionary measures are guarantees of 
trouble-free communications during unfavorable weather conditions. 

21.6. The Location of Faults and die Proceaure for iHiminating Them 

In the testing of conductors a sp-euial terminology has been 
established which enables the exchange and line technical personnel 
to understand readings and realize what must be done vjithout super- 
fXnous explanations. A few of the most frequently used expressions 
are given below. 

To ’'complete isolation” or to “isolate a conductor” means to 
disconnect (separate) the conductors at a specified point (at an 
exchange, a test pole, or a cable case). The disconnected ends of 
the conductors must not come in contact wit^i other conductors or 
with surrounding objects. 
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To "complete ground" or to "ground a conductor" means to 
connect a given conuuctor with ground at a required point fin a 
cable case or at a test pole)* For this purpose the conductor 
under test must be connected with a ground wire* 

To "complete a short with ground" (a grounaea loop) is to 
connect the con uuc tors of a circuit by means of a juinper and then 
to connect ttiem witii a grourid wire. 

"Isolation completed" indicates that there are no stray 
currents along a conductor (that is, that there is no contact 
with other conductors or connections v^ith ground on the section 
from the exchange conducting the test to the test point on the 
line where the isolation is provided). 

"Ground completed" indicates that there is no oreak in 
the conductor in the section from the exchange to the test point 
on the line where tl*e ground is provided* 

To "set a conductor or circuit on the straightaway" means 
that, if the conductors are disconnected at a test pole, the 
test clamps are to be connected^ if an exchange was connected to 
the conductor or circuit, it is necessary that the switchboard 
be msnip'ula ted so t^iat the exchange is disconnected from the cir* 
cuit; if this request refers to a sectional pole from which the 
conductor or circuit branches out in a loop at the exchange, then 
the conductors are joined at the sectional pole in such a way that 
the loop is disconnected. 

The technical personnel of the exchange perform the tests 
to determine the nature and location of the fault. 
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Ihe methods of locating faults depend on the type of measuring 
equipment at repeater points and MTS*s, relay points, and telegraph 
centers. At the present time the impulse- tracer fault locator (IL) 
is much used on truiik 3.ines with nonferrous circuits for determining 
the location of faults from the exchange. This instrument peiinits 
accurate location of faults — conductor breaks, contact beti^een 
conductors, grounding of conductors, ohmic asymmetry of circuits* 

In this case the section supervisor immecsiately proceeds to the 
assumed location of the fault ana, without testing on the test poles, 
locates the fault and eliminates it* 

The operating principle of the U, instrument consists in 
the transmission of current impulses over equal intervals of 
time. If, in traveling along the line, the impulses encounter 
a break, a short, or contact with ground, they are reflected from 
such points and return to the instrument at beginning of the line 
and are observed on the screen of the instrument *s cathode-ray 
tube. Knowing the rate of propagation and the travel time of the 
impulses along the line, it is not difficult to determine ihe 
distance to the point of reflection of the impulses. Provision 
is made in the IL instrument for special ’’electrical scale 
markings" by means of which it is possible to measure the distance t-o 
a point of irregularity (a cable insert, a change in the spacing 
between conductors)* means of the IL instrument the locaticxis 
of breaks, contacts, and grounds on copper conductors are determined 
within an accuracy of one kilometer on lines approximately 100 
kilometers long. 

On steel circuits or on truiiks not equipped with II instru- 
ments the distance to the fault is determined by electrical 
measurements made in the manner described earlier* 
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In locating faults directly on the line the supervisors use 
the fault locator (IP) described in Section IV, Chapter 20. 

In order to locate faults on telegrap^h conductors in the 
absence of an IP instrument line supervisors use portable volt- 
milliammeters. If the fault is of the natiire of an "interruption" 
or a "contact with ground,** a battery voltage is applied to the 
faulted conductor between relay points. The line supervisor tests 
the conductors at the test poles by unfastening ttie test clamps 
and cuiinecbing one tenr.inal of the milliammeter to the ground wire 
on the test pole and the other t»„rrn.inal to the faulted conductor. 

Ti a t side of tiie conductor on which, upon connecting the 
milliammeter, the needle is seen to aeflect will be the non-faulted 
side. The side of the conuuctor on which the milliammeter needle 
does not deflect or deflects but slightly will be the faulted side, 

Uestoration of damaged comrriuni cations is conducted in strict 
accordance with ttie Instruktsiya o poryadke likvidatsii avariy na 
mezhdugorodnykh telefQnno«»tel£grafnykh liniyakh svyaai i 
opoveshcheniya o prostoyakh svyazey [instructions for Sequence of 
Operations in Eliminating Faults on Intercity Telephone and Tele- 
graph Gorfimuni cations Lintjs and Announcements Concerning Communi- 
cations Breakdowns] (Svyaz »izdat, 1950), wherein are defined the 
interrelations between exchange and line technical personnel in 
eliminating breakdowns. These instructions also establish the 
responsibility of technical personnel for the most rapid restoration 
of communications. 

Tbe mentioned instructions oblige the line supervisor to 
carry out ail operational directions of the technical personnel 
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of the MTS's, UP's, relay points, KP‘s, and telegraph centers 
in testing circuits and conductors (completing "isolation,” 
"shorts,” "grounds”) and in eliminating faults. He is also 
obliged in tracing a fault to connect his telephone to the 
auxiliary communications circuit or a circuit prescribed by the 
technical personnel of the tfP (or relay point) at least once an 
hour for conversations with the latter persoraiel concerning tiie 
results 01 inspection of the line section and for insti'uctions 
concerning further operations. 

In cases where the technical personnel of an exchange 
have uetermined the location of a fault on the line and, upai 
arriving at the location, the supervisor cannot find it by 
inspecting the line, he uses a fault locator. V^hen the super- 
visor has located the fault and eliminated it, he calls the ex- 
change technicians of the nearest UP or MTS on the telephone 
circuits of either a test point or relay point or on the tele- 
graph conductors of the telegraph center and informs them of the 
cause of the fault. After the fault on the line has been eliminated 
the exchange personnel perform electrical measurements of the cir- 
cuits (conductors). 

Vdth the conclusion of operations in eliminating a fault 
and upon receiving verification from exchange technicians that the 
restored circuit (conductor) meets the prescribed specifications, 
the line supervisor receives authorization from an exchange techni- 
cian to return from the line. 

If test measurements show that the restored circuit (con- 
ductor) does not meet specifications, the fault is not considered 
to be eliminated until the electrical characteristics of the cir- 
cuit (circuit) have been brought up to standards. 
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In the case of a fault where ttie line supervisor finds that 
he will need material and manual assistance, he quickly informs the 
technical personnel of the exchange as well as the LTUh or of 
this need, indicating the amount of damage and the assistance re» 
quired. Regardless of this, the supervisor must exercise initiative 
and take every step for the most rapid restoration of intercity 
telegraph and telephone communications* 

21, 9« Methods of Elimina ting Line taults 

In order that communications may be restored in the shortest 
possible time, operations for the elimination of faults are divided 
into two stagesi first, temporary conrauni cations are established, 
and then restoration operations arc conducted to bring the lino in« 
stalls tions up to technical standards. 

In eliminating faults priority in the establishment of 
temporary communications is given to trunk telephone circuits with 
high-frequency multiplexing, next in importance are trunk tele- 
graph conductors, next are the circuits and conductors of intra- 
oblast communications, and then the remaining conductors strung on 
poles of intercity communications lines are restored. 

The following methods are anployed in the elimination of 
line faults, with breaks in the conductors temporary communica- 
tions are first established by the use of field cable. The ends 
of the field cable are fastened to tiie insulator with a double 
loop and a simple knot. They are cleaned and Joined to the line 
conductor with Jointing wire or tie wire so that the conductors 
of the field cable are in firm contact with the line conductor, 
the latter having been cleaned in the area of connection with the 
field cable. After temporary communications have been established 
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on lines with hook suspension the conductors on two or three adjacent 
poles are unfastened and lowered from the poles. Ihey are tiien 
drawn up with blocks so tliat the ends of the conductors touch one 
another. The ends of steel, conductors are joined by thermite 
weltiing and of copper conductors by copper sleeves. I.t is permis- 
sible to join the conductors temporarily with line clamps and later 
to weld the steel conductors and join the copper conductors wi1h 
sleeves within three days after eliminating the faults. 

After joining the broken ends of the conductors tliey are 
again lifted to the poles, adjusted, and tied tx> the insulators. 

If a break in a conductor"^!! only be repaired with an 
insert, it is made with wire of the same diameter and material 
as ttie line conductor. After joining c»ie end of tlie conductor 
with the insert in the prescribed manner, the other end of the 
conductor and the insert are drawn up with blocks so that the 
length of the insert is equal to the replaced section of tiie con- 
ductor, and these ends are joined in the same manner. The con- 
ductor is then lifted to the pole, adjusted, and tied. 

The work of eliminating a break in a conductor must proceed 
with care in order not to cause te .porary contact between con- 
ductors . 

In eliminating contact between conductors due to incorrect 
sag they are first disengaged by shaking them by hand from the 
pole or with the use of a stave. The conductors on the adjaceit 
poles are then untied and the sag is adjusted. 

When there is contact of communications conductors at inter- 
sections with 127- and 220-v lifting circuits the sagging conductors 
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are adjusted only while -wearing rubber shoes and rubber gloves 
and wiUi observation of the safety rules. In the event of con- 
tact with power transmission lines the operations for elimina- 
tion oi tJrie fault must be performed only after shut -ting off the 
power line, lor this purpose the liiie supervisor must immediately 
contact the proprietor of the high-voltage line and request the 
presence of his representative at the location of the fault. 

Objects which have fallen or been thrown onto conductors are 
also removed by shaking the conductors in such a way that the 
objects do not come into contact with other conductors. If re- 
moval of the object by this method proves difficult, then it is 
removed by means of a pole or a rope. The latter is fastened in 
a loop around the conductor and pu3.1ed from one line pole to the 
other. The object can then be removed from the conductor at the 
latter pole. 

Where the breakdowns are due to fallen poles temporary com- 
munications are organized by raising the tops of the poles and 
placing them on frame horses or other supports so that the con- 
ductors do not touch the ground and are not in contact with one 
another. 

In establishing temporary cojnmuni cations in the event of 
numerous breaks in conductors use is also made of field cable, 

PEVPM conductor, or flexible cable. If there is a shortage of 
these, temporary communications can be established by using the 
faulted conductors on lines which have lower priority for 
establishment of temporary communica tions. In this case wire is 
used which has come from poles at the point of the breakdown and 
it is placed on temporary supports. These supports may be pieces 
of timber placed on frame horses, railings, fences, nearby trees, etc. 
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In addition to this, bare conductors must be hung on insulators. 
Steel wire used for inserts in copper lines in establishing 
temporary communications must be of the same diameter as the 
copper conductor in order to avoid ohmic asymmetry. Steel -v^ire 
inserts longer than 10 km are not permitted. Ihe lengtli of 
inserts of field cable in a circuit of copper conductors must 
also not exceed 10 km, for the field cable introduces additional 
attenuation with the result that operation of hi^-frequency 
telephone equipment is disturbed. 


If PuYl'M cable with vinyl chloride insulation is used as 
an insert in a nonferrous circuit, then an individual cable with 
both conductors, joined together is used for each line conauctor. 
Twisted field cable must not be used for inserts in telephone 
circuits, for such inserts cause reflection of electrical energy, 
introduce considerably more attenuation in the circuit than un- 
twisted conductors, and require the use of special coils for 
matching the resistance of the insert with tlie resistance of an 
overhead line at the point of the splice. 

After the temporary restoration of communications new 
poles are erected to which the conductors are transferred from 
^the fallen poles. In order to facilitote the work, toe con- 
ductors are removed from one side of a fallen pole and before 
the erection of the new pole they are carried on rods or staves 
to the opposite side of the line so that the new pole can be 
erected between toein. 

In the absence of a sufficient number of poles for a 
second class line the lines may be temporarily restored by using 
one pole for every two planned spans and installing the missing 
poles later. 
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In the absence of new poles a line may be restored by reset- 
ting the broken poles or mounting them on attachments. In the 
event of numerous breaks steel conductors are joined by welding 
and copper conductors by sleeving* 

Use of tiie above methods of eliminating faults and other, 
more advanced mettiods should insure the rapid restoration of com- 
munica tions. 

The speed witii which faults are eliminated on comiauni cations 
lines also depends to a large degree on the readiness of the 
sei’vicing technical personnel for rapid departure for the line and 
the transportation facilities at ttieir disposal* 

In determining the time required for tlie elimination of 
faults the average rates of travel are the starting points of 
cal cilia tions t by motor vehicle, 25 km/hr, by bicycle^ 10 km/hr; 
on skis, 8 km/hrj on foot, k km/hr. In traveling to the fault 
locations by bus or train the travel time is calculated from the 
time tables* 

CHAPTER 22. MIHTM'ANCE OF LINE INSTALLATIONS 
22,1. Classification of Repairs 

As with any installation, overhead communications lines 
deteriorate in the course of time -- poles decay, wires corrode, 
etc. Consequently, it is necessary to correct such natural wear 
by erecting new poles, installing new insulators, stringing new 
conductors, etc. Such work is known as repair work. 

For the purpose of preserving the mechanical strength of 
line installations and maintaining the normal electrical 
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Characteristics of circuits, which is necessary in insuring un- 
interrupted communications operation, two types of line repair 
are di s tin gui shed i maintenance (planned preventive work) and 
overhaul. 

Maintenance of line installations is conducted iii the 
process of operation by daily, planned, preventive (prophylactic), 
light work performed by the section supervisors and heavy work 
performed by repair columns composed of ilie staff workers of Hie 
line sections. 

Among the preventive operations performed by each section 
supervisor on his section are: cleaning of insulators (not less 
than twice a year), with -die replacement of aefective ties and 
insula torsj strai^tening ana replacing hooks and crossarmsj 
fastening brackets, pins, and straps; removing unsatisfactory 
joints and defective places on conductors; partial adjustment, 
welding, and sleeve- joining of conductors within isolated spans; 
straightening and reinforcing individual straight-run poles; 
placing fill dirt at the bottom of poles; replacing guard poles 
damaged by vehicles or li^tning; replacing stub poles wherever 
necessary; bringiiig line clearsnces at crossings up to staridards; 
cutting away brush and trimming trees; replacing protective 
devices, line-matching units, and tie wires at cable poles and 
entrances; restoring pole numbers; removing metal waste from the 
right of way; etc. 

In tiiose cases where the volume of tlie above operations is 
is great, in order to insure its timely completion the chief of 
the line section sends a staff worker to assist the hDT on a one- 
time basis in completing individual types of work. 
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The repair column performs tlie follov-ing maintenance 
operations; planned replacement of poles (up to 25 percent of 
the total numoer of poles on the section), reinforcement of 
poles vfith attachments (wooden, relnforced-concrete, ana iron 
rail), impregnation of softwood poles; hauling and leveling of 
individual poles; s to igh toning angle poles and straight t-run 
poles, replacing above-ground and underground reinforcements; 
replacing towers and tower supports; replacing conductors at 
crossirigs which do not meet the prescribed requirements; re* 
placing corroded conductors in the vicinity of railroad stations, 
chemical plants, etc; adjusting conductor sag over approximately 
IG percent of the section; applj^-lng special ties in areas with 
conductor vibration; partial reinstallation and elimination of 
defects on cable inserts; bringing tiie electrical characteristics 
of circuits and conductors up to standard. 

The numerical strength of tlxe repair column depenas on the 
volume of the above operations which must be performed and is 
determined by the chief of the line technical unit* 

Overhaul operations are performed periodically according 
to the service life and condition of line installations in order 
to bring them up to their specific technical standards. 

During overhaul heavy operations are performed which may 
not be performed during maintenance. These are suchi operations 
as; replacement of more than ?5 percent of fkie poles on the 
section; replacement of towers; continual replac©nent of individual 
worn-out or defective conductors not meeting electrical specifica- 
tions or not insuring trouble-free communications operation; 
strai^-bening lines and offsetting them; rearranging the transposition 
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of telephone circuits; decreasing the distance between poles, 
changing the line profile; continuous replacement of accessories 
and adjustment of conductors; reinforcing lines with sard -anchor, 
anti-wind, and other special poles in order to increase tire 
stability of telegraph and telephone communications lines; widen- 
ing tire right of way; restoring communications lines damageo by 
natural disturbances. 

Overhauls are pc-rfoimed by specially forroed repair columns 
comprising the emergency restoration brigades and staff workers 
within the line technical units, there the volume of operations 
is extremely large these columns may be reinforced by seasonal 
workers. The latter are engaged chiefly in auxiliary work. 

22. g. Organization of Repair Operations 

Preparation for repair work in forest regions begins with 
the procurement of poles. Olds is done in the winter when tlic-re 
is less sap in the trees than at any other season. In selectir.g 
the trees it must be kept in mind that trees growing in moist 
soil not holding back water have wood of better quality than trees 
growing in swampy ground, in an open area, or in a sparse forest, 
for the last three groups are distinguished by knottiness and less 
density of wood. 

Uie poles are transported along dirt roads before the thaw 
arrives and are piled at storage points along the line in such a 
way that the air may freely pass between the poles. In order to 
prevent rotting of the lowest layer of poles, they are placed on 
blocks. Poles received by the central supply post are also stored 
in piles. 
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Before the r^air season begins the staff workers of the 
line section finish ti:ie poles at the storage pointj that is, 
they remove the outer and inner bark, seal the tops, bore ho3 es 
for hooks and bolts, cut gains for the crossarms, and inipre^^iate 
the pole with antiseptics. 

V^hile the poles are being prepared at the line sections 
repair work is performed on the trucks, machines, tools, imple- 
ments, winches, blocks, tents, beds, bedding, items of daily 
necessity, repairman belts, pole climbers, cant hooks, jennies, 
shovels. Via messes, and wagons. Items in short supply are re- 
plenished. 

Before operations begin lO-l^ daytime- saninars are held 
for tiie line workers at the LTIi for the study of regiilations 
for performing line operations (replacing and reinforcing poles, 
adjusting and Vi^eiding conductors) and practical demonstrations 
are given in advanced procedures and metliods of performing these 
operations, at the seminars the workers study in detail the 
safety regulations for working on overhead lines and safety 
me'isures to be adopted in working vjith live wires. 

hlth tbhe approach of the repair season the intercity tele- 
phone exchanges and telegraph centers perform general pre-repair 
measurements of circuits and conductors to discover those sectiOTis 
which do not meet the prescribed electrical standards. On the 
basis of the results of these measurements the chiefs of the line 
sections show the causes for the departure of the electrical 
characteristics of the circuits and conductors from the standards 
and designate the operations which must be performed in repairing 
the line installations. 
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For precise determination of the amount of work to be per- 
formea during the repaii’ seasouj as soon as the ground thaws in 
the spring the poles are inspected. In tiiis inspection the poles 
are checked from top to bottom, including their underground and 
above-ground reinforcements (braces, guys, attachments, guard 
stubs). The condition of conductors ana ties is checked for con- 
formance with the technical requirements for crossings with other 
lines, etc. 

Inspection of ttie poles in the spring is performed by the 
chief of the line section or his assistant in company with the 
supervisor of the section under inspection. For removal of fill 
dirt in searching for signs of pole decay staff workers are 
brought along. 

The degree of decay of poles is determined by the use of a 
probe (a steel rod 10 mm in diameter, with a handle at one end 
and the other end pointed and with scale divisions). Before 
testing a pole witli the probe, it is struck with a hammer* If 
the pole gives off a dull sound, tids is taken as a sign of decay. 

A resounding sound indicates tlie absence of decay. 

To check the decayed area of a pole it is necessary to re- 
move the earth at the base to a depth of not less than SO cm. Then, 
thrusting the probe into the pole at several points around the 
circumference, the depth of penetration is noted. Adding the ob- 
tained values for the depth of decay and dividing ttie total by the 
number of probings, the average value for the depth of decay is 
obtained. Multiplying this value by 2fr (that is, by 6,28) and 
subtracting the result from the circumference of the pole, we ob- 
tain iiie circumference of the unaffected portion of the pole. If 
this circumference is equal to or less than the value given in 
Table 22.1, the pole is reinforced with an attachment or replaced 
with a new pole. 
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ExampD-e 22.1. Determine the degree of decay of a pole by 
means of a probe if the foliov/ing values are obcaiiiod for aepth 
of decay* at tlie first point, 2 cmj at the second point, 4 cm; at 
the third point, 3 cm. 

Solution. To determine the average value of decay -we ado the 
given depths of decay and divide by tlie number of probings* 

2 + 4 + 3 * 9 cm; 9/3 - 3 cm. 

Let us now determine the decrease in the circumference of 
the healthy portion of the pole by multiplying tlie average value 
of decay by 211 : 3 x 6.28 = 18,8 cm. Now ve subtract the re- 

sult from the outer circumference of the pole. For example, the 
circumference of the pole at the time of its erection was 60 cm; 
consequently, the previous circumference has been reduced by 41.2 
cm (60 • 18.8). 

If the obtained result of 41.2 cm proves to be less than the 
minimum pemissible pole circujnf erence given in Table 22.1, then 
the pole must be reinforced (if its upper portion is still unaf- 
fected) or replaced (if its upp)er portion does not permit strong 
fastening of hooks, crossarms, and brackets). 

During: the spring inspection tlie section supervisor infoms 
the chief of ttie line section of all defects observed by him in 
the course of his duty which must be eliminated in tlis next repair 
season. 

The results of the inspection of the poles are entered in a 
special “inspection sheet” with the numbers of those poles which 
are to be replaced or reinforced with attachments or braces in the 
current year. Note is also made of the principal work which must 
be performed by the repair column in repairing conductors and ac- 
cessories. 
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PiiiMISSIiiLE CIivCUMFitilH\iCh 01* POLi^ AT GhOlND hhVhh 


Length Circumference of pole at ground level (cm) for lines of type 

of No of 0 N U OU 


pol% 

m 

con« 

due tors 

62.5 

so 

50 

with span length, m 

40 So 

40 

40 

35.7 

6.5 

U 

27.0 

25. 0 

31.5 

29.5 

35.0 

32.5 

36.9 

34.5 


6 

30.5 

29.0 

36.0 

34.0 

40.0 

37.0 

41.0 

40.0 


12 

38.0 

36.0 

45,0 

42.0 

5o.o 

47.0 

52.0 

50.0 


16 

42.5 

uo.o 

49.0 

46.0 

54.0 

51.5 

57.0 

55.0 


24 

48.5 

US.o 

56,5 

53.0 

63.5 

59.0 

65.0 

63.0 

7,5 

6 

32.5 

31.0 

38.0 

35.5 

43.0 

40 . 0 

44.5 

42.5 


8 

36.0 

3u.O 

42.0 

39.0 

47.0 

44.0 

49.0 

47.0 

- 

12 

41.0 

39.0 

48.0 

44.5 

54.0 

50.0 

56.0 

53.5 


16 

45.0 

42.5 

53.5 

49.0 

59.5 

SS.o 

61.0 

59.0 


24 

52.0 

48.5 

60.0 

56.5 

68.0 

63.0 

70.0 

67.0 


32 

57.0 

54. 0 

66.0 

62.0 

75.0 

69.5 

77.0 

7u.O 

8.5 

8 

38.5 

36.0 

44.0 

41.5 

50.5 

47.0 

51.0 

49.5 


12 

44.0 

41.0 

50.5 

47.5 

57.5 

53.5 

59.0 

56.5 


16 

48.0 

US.o 

54.0 

52.0 

63.0 

58.5 

65.0 

62.5 


24 

55.5 

51.5 

63.5 

60.0 

72.5 

67.0 

74.0 

71.0 


32 

61.0 

56.5 

70.0 

66.0 

79.5 

73.5 

82.0 

78.0 


40 

65.5 

61.5 

75.5 

71.0 

- 

- 

- 

- 

11 

18 

55.0 

51.5 

65.0 

60.0 

73.0 

67.0 

75.0 

72.5 


24 

6i.o 

56.5 

71.0 

66.5 

80.0 

73.0 

83.0 

79.0 


32 

67.0 

62.0 

78.5 

73.0 

- 

- 

- 

- 


4o 

72.5 

68.5 

85.0 

79.0 

- 

- 

- 

- 



Note: 

For poles 

of deciduous wood 

the values 

in the 

table are 



decreased by 10 percent. 
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I Twith the beginning of the repair season the column (con- 

sisting of staff v/orkers and proviaea with the necessai-y line 
materials, tools, implements, and transport facilities) proceeds 
i under tiie chief of the line section or his assistant to the ex- 

ecution of repair work on line installations in accordance with 
orders issued by the line technical unit. The makeup of the 
column is determined by the amount of repair work to be per- 
formed and is dj.vided into pole workers (working with the con- 

I ductors on the poles) and auxiliary workers (performing auxiliary 

! 

operations in hauling poles, digging holes, raising poles, fil- 
ling holes and tamping fill dirt, straightening poles, cutting 
bushes, etc). 

In order to increase the productivily of labor of workers 
of the repair coluim the composition of the column is divided 
into groups, each of which is resj^^onsible for the performance of 
individual, definite repair operations. For example, one group 
digs holes for poles and braces which are to be replaced or re- 
inforced, a second group rigs and erects poles and straightens 
or reinforces existing poles, a third group repairs conductors 
and accessories and numbers the poles. The work area must not 
extend over more than 1-2 km. The leader of the column (an I IK or 
an LUMP) and the section supervisor are responsible for the 
quality of the repair work and must remain with the groups perform- 
ing the more difficult work, that is, with the second group (to 
guide operations in erecting poles and fastening conductors) and 
the third group (to guide operations involving defective circuits 
and to check the quality of work of the preceding groups). 
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Vvith the introduction of the advanced work methods of 
section supervisors (independently performing in tiie daily 
servicing of line installations all the light operations for 
their repair) the volume of work to be performea by Hie repair 
column has been sharply reduced on communications lines. In- 
stead of the organization of repair columns at each line section, 
this permits the organization of one or two combined repair 
columns attached to the line tectinical unit, A combined column 
with 12-lS persons in tiie course of the repair season performs 
the major work in replacing and reinforcing poles and the others 
engage in maintenance over 2-3 line sections at a time vdth an 
overall extent of 500-600 km, Ihe combined repair column is 
provided with a truck for the transport of materials and workers, 
which reduces the time expended in traveling along the line by 
foot and consldeitibly increases the tempo of repair operations 
on isolated line sections, 

1/^ith a large volume of work in overhauling communications 
lines the heavy work ol the combined columns is mechanized, for 
which purpose they are provided vjith a combination hydraulically- 
driven hole digger and derrick, a power unit wiHi a set of power 
tools, and other facilities for mechanised operation. 

When repair on one line section is achieved in the course of 
1-*1,5 months conditions are created for the attending technical 
personnel (the chiefs of the line sections and the section super- 
visors) to devote greater attention to the daily operational and 
technical servicing of line installations and the adoption of 
measures to insure trouble-free communications operation. 
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For the purpose of proper placement of the work force, on 
the evening before a given workday the leader of Uie column in- 
spects the line section which is sdieduled for repair and deter- 
mines the amount of work called for in the "inspection sheet" 
and the amount of materials required. 

At the conclusion of the workday the column leader lists 
the work done, indicating tiie compliance of individual workers 
with tile prescribed work norms as well as tiie quality of their 
work, and gives the work assignment for the following day. In- 
formation on over-fulfilment of work norms is posted on the board 
for indexes of socialist competition, 

Vihile repair works is in progress on the section the colurpn 
leader determines which poles are subject to replacement in the 
coming year, listing the pole numbers in a notebook and noting the 
work completed in the repair of line installations. 

Upon concluding repair of the line, on the basis of these 
data a report is prepared on poles to be replaced or reinforced 
under the repair plan for the coming year. Precise determination 
of the volume of work called for in tlriis report on poles to be 
rsplaceu or reinxox'ced rs conducteu each year, as meritLOneQ above, 
during the spring inspection of poles. 

Tlie quality of the work performed in repairing line installa- 
tions is checked by the line technical unit, which turns ihe re- 
paired line sections over to the commission of the oblast communica- 
tions administration. Upon receiving the repaired line sections 
•the receiving commission evaluates the quality of the repair opera- 
tions and determines the readiness of the lines for operation under 
winter conditions. 
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22,3* Repair of Poles 

Strai^tening tilted poles* A pole may acquire rake due to 
unequal conductor pull on opposite sides and due to wind pressure 
on the pole and the conductors, especially if the ground is loos« 
and inadequately tamped* In the majority ox cases tilting of 
poles is observed in loose ground, with a large number of con- 
due tors, witJri inadequate application of fill dirt, with inade- 
quate setting of braces, ana with tlie absence of crosslogs iri the 
ground at comer poles* 

If the top of a pole on a straight run has gone out of line, 
a temporary guy is loop-fastened to the top (Figure 22.1) (if the 
temporary guy is fastened to the top above the conductors, the 
loop and the upper end of the guy are covered with a rubber sleeve)* 
Ihe earth is then removed to a depth of 50-75 cm on the side oj>- 
posite the rake of the pole, the end of the guy is fastened to a 
stub pole and, drawing up the guy by means of blocks, the pole is 
strait tened* A small degree of rake may be eliminated without the 
use of a gi^ by pressing with pike poles against the direction of 
tilt* 

If the pole has moved from the vertical in the direction of 
the conductors, then the earth is removed in the direction in which 
the pole must be strai^tened, the conductor ties are loosened on 
the Insulators, pike poles are pressed against the pole at the 
hipest possible point, and it is thus brought to the vertical 
position* The open space at the butt of the pole is closely 
packed with stones, these are tamped, and fill earth is packed 
over them* 
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If a pole has moved from the vertical position due to loose 
ground, at a depth of 0,^ m on the side of the tilt a 1-meter 
length of log (from an old pole) is placed in the horizontal position. 

In straightening a pole the conductors must not be permitted 
to swing, for this may cause whipping and give rise to interference 
("surges” and "crackles") in communications channels, which hampers 
normal operations, especially of voice-frequency carrier telegraph. 

Replacement of Poles. Poles are replaced only if itiey are 
decayed at the center or at the top (that is, where the accessories 
are fastened). 

The length of the new poles must, as a rule, be the same as 
tiiose to be replaced, while the diameter is as given in Tables 
12.6 and 12.7. From the data of these tables it is seen that the 
diameter of the pole depends on the number of conductors strung 
on the line. However, it often happends that additional conductors 
are strung on a line without replacing individual poles whose di- 
ameters do not conform to the norms. Replacement of such poles 
usually coincides with planned maintenance or overhaul operations. 
Bence, in carrying out repairs it is necessary to install new poles 
with diameters conforming to tl'ie above-mentioned norms. 

The wide introduction of advanced methods enqjloyirig the 
lightened I H-1 winch is of great Importance in increasing the 
workers* productivity of labor. The following procedure is 
adopted in using this winch for replacement of poles installed 
directly in the ground on communications lines with hook suspen- 
sion. A hole is dug in line with the old pole and prepara tl<»is 
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are made for erection of the new pole. The winch is fastened to 
the old pole on the side away from the hole for the new pole and 
in a position convenient for manual cranking. 'Ihe rope from the 
winch is fed throu^ a block fastened at the top of the pole. 

The end of the rope is tied to the new pole at a point 1.5-2 m 
from the top. The butt of the nev; pole is placed apainst a bump 
board inserted in the hole. Ihe pole is raised by turning the 
vjinch handle (Figure 22.2). 

After raising the new pole the hole is fiiiea with earth 
and tamped. The conductors are then freed from the old pole and 
fastoied to the new pole. In order to prevent ttie old pole from 
falling a strap is used to fasten the top of tlie old pole to the 
top of the new pole, hork on the pole is made easier by rigging 
it with hooks while on the ground. If there is a shortage of 
hooks, they are removed from the old pole and transferred to the 
new pole. In order to lower the old pole the rope from the winch 
is fastened to its top and the winch and block are installed on 
the new pole. The old pole is sawed at ground level, tiie strap 
is freed at the top, and the pole is lowered to hie ground by 
turning the winch handle. After this the rope is fastened to the 
butt of tJrie sawed pole and it is drawn from the ground by means of 
the winch. The hole is filled ana the earth tamped. In view of 
the fact that in replacing poles by this method the new pole is 
erected not on the spot of the old pole but next to it, in re- 
placing this pole at a later year the new pole must be erected 
from the opposite side so that the span lengths will be in ac- 
cordance with the norm limits. 
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If the nefw pole must be erected precisely on Uie spot of the 
old pole, the work is performed in the following sequence. The oxcl 
pole is reinforced with two guys, the conductor ties are loosened, 
and the winch and the block (with the rope from the winch fed 
through it) are fastened in place. The hole is dug out, and the 
pole is sawed at the surface of the ground and shifted aloiig the 
line onto a wooden block placed next to it. Ihe rope is fastened 
to the butt of the pole and it is removed from the hole. 'Ihen the 
rope is tied to the top of the new pole and the pole is raised. 
After installing the new pole a temporary strap is fastened from 
its top to the top of the old pole ano tlie conductors are transfer- 
red from the dd pole to the new pole. The old pde is lowered to 
the ground by means of the winch in the manner described above. 

On communications lines with crossarm suspension, in re- 
placing poles with the use of the hand winch the new pole is 
placed next to the old pole and on the side facing the crossarm. 
This is done so that the crossarm may be released from the old 
pole and fastened to the new pole without unfastening tl:ie con- 
ductors. The procedure in replacing the pole is similar to that 
described above. Operations for replacement of poles on a 
straight run may be performed by a single supervisor with the use 
of the windi. 

In the absence of a winch replacement on lines with hoojk 
suspension is perfomed in the following manner. The pole is 
secured with pike poles and jennies. A worker climbs the pole 
and, fi’ojn the top downwards, unfastens the conductor ties aa 
the insulators and transfers the conductors to insulators on 
light poles temporailly set up on each side of the old pole 
(Figure 22.3). 
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Ihe earth around the bottom o£ the pole is dug out, with 
wider part removed in the direction of the line. The pole 1.8 then 
turned through 90 degrees and carefully lowered to the ground by 
holding it with the pike poles and jennies. The hooks (with the 
insulators on them) are unscre>.ed. The old pole hole is cleaned 
of decayed wood and is again dug to the required depth. The new 
pole is placed in the vertical position and the butt of the pole 
is put in line with the other poles. The hooks are installed 
perpendicular to the direction of the line. The pole is then 
given the final alignment in both directions (along the line and 
perpendicular to it) with a plumb line. Hll earth is shoveled 
into the hole ana carefully tamped in separate layers of C-lO cm. 

In rocky ground hard lumps are mixed with sand or dirt and tamped. 
The fill dirt is built up to a cone around the base of the pole. 

After the fill dirt is tamped a worker climbs the pole and 
from the top downwards carefully transfers the conductors from the 
side poles to the insulators on the line pole and, finally, ties 
the conductors with new pieces of tie wire. 

In replacing poles on lines witii crossarm suspension an 
attachment (figure 22.U) is used to support the orossaim or use 
is made of light side poles which are tied with rope to the end 
of the crossam. After freeing the old pole from the crossam the 
pole is lowered to the ground, as described above. Then the new 
pole is erected. Ihe crossam is removed from the ladder-type at- 
tachment or side pcaes and fastened to the new pole. Lowering of 
the old pole and raising of the new one may also be performed 
with the use of a winch fastened to the ladder. 
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In replscing a pda on "th© side of a hllx ttho daptii of vii6 
hole must be determined from its lowest edge* 

Replacing Comer Poles. Comer poles musL always be given 
the most careful inspection* Poles with the largest diameter are 
chosen for replacement of comer poles. 

Comer poles are replaced in the following sequence of 
operaUons. The conductor ties on the adjacent poles are loosaned. 

The next adjacent poles, on which ihe conductors are not unfastened 
and which are subject to strong pull in one direction, are tempor* 
a illy reinforced with braces* 

The pole which is to be replaced is reinforced at the top 
with one or two temporary guys, the lower ends of which are 
fastened with the use of blocks to temporary stub poles set in 
the ground for this purpose. The use of a crowbar (instead of 
the stub pole) driven into the ground and held by a worker is not 
permitted* 

A hole is dug next. to ^he pole and in line with the conductors. 

After reinforcing the polo, it is climbed by a worker and the 
ties are loosened so that each conductor is held to its insulator 
by one or two turns of tie wire. The worker must always place him- 
self on the side of the pole opposite the direction of conductor pull* 

The new pole is erected next to the old pole so that it is 
raked in Ihe direction opposite to the resultant pull of the con*» 
ductors and its butt end is located within the vertex of the angle* 

After the new pole is erected and reinforced the conductors 
are transferred from the old pole and fastened to the insulators. 
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The old pole is <iug out, freed from its teiiipoi*ury auyt? and braces, 
and then removed from the hole. 'Ihe rotted wood is removed Irom 
the hole and the hole is filled and the dirt tamped. 

In replacing a decaying brace the pole is first reinforced 
with a temporary guy. The earth is dug from around the brace, it 
is freed of its fastenings witli die pole, ana it is lowered to 
the ground with care being exercised to avoid contacting the con- 
ductors. Tiie rotted wood is removed from the hole and a new brace 
is installed with crosslogs. 

At the top of the brace a carpenter cuts a hollow which must 
fit snugly against the pole. Vvhen the brace has been bolted to 
the pole no gaps must exist betvjeen the pole and the groove in the 
brace. Earth is shoveled into die hole ana tamped, and the 
temporary guy is removed. 

In replacing a guy or an anchor reinforcement the top of 
the pole is pulled back for an allowed slack by means of a 
temporary guy with blocks. If it shoiad prove necessary, the 
conductors on the two adjacent polos are removed from their ties 
and the pole is dug out to a depth of 0.6 m on the side of the 
guy. After the new guy is installed the temporary one is removed. 
The guy must be drawn up tightly or it will not serve its purpose. 

Reinforcing poles with wooden, rail, and reinforceci-con Crete 
attachments. Before digging the hole the pole is reinforced with 
pike poles. In reinforcing the poles with single attachments 
holes are first dug along the line for the attachments (the old 
hole is dug out) and at the place of insertion of the attachment 
the hole is widened according to the tiiickness of the attaciriment. 
Elat faces are then cut on the pole and on the new attachment. 
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In order to remove a decayed butt from a liole befOi’e inetal* 
liny tiie new attachment the butt is sawed half tiirough from the 
side on which the attachment is to be installed. During the sawing 
the pole is tilted away from the side for the a ttactiment. After 
the saw cut is made the attachment is put in place and the straps 
are put on and twisted through 1-2 turns witii a small crowbar. 

The butt of the old pole is then sawed completely thi’ough by tilting 
tlie pole 5-10 degrees toward the attachment. The decayed butt is 
next removed and the straps are i-,iven the final tightening. The 
hole is then filled. 

In reinforcing poles witli double attachments the holes for 
the attachments or rails are oug out on both sides of the pole. 
Before digging the hole the pole is reinforced witii pike poles. 

Flat faces are cut on botbi sides of the pole down to the butt. 

In reinforcing poles with double rail footings ttie pole is sawed 
at two places; at the suiface of the ground and 30 above to a 
depth equal to the width of the saw. The rails are then placed 
in the hole and checked for close fit against the pole. The pole 
and rails are fastened with straps. The loxver straps are placed 
on at the surface of the ground, theii they are shifted to the 
lower portion of the butt where they are ti^tened w’ith a crowbar. 
Then the above-ground straps are put jji place and fastened. The 
wood betvjeen the previously made saw cuts is then chipped out. A 
saw is inserted into ttiis space and the rest of the wood is cut out. 

If tiie butt end of tiie pole is too decayed to permit its use 
as a filler block between the rails in the underground portion, re- 
inforcement of the pole is achieved in the following manner. After 
reinforcing the pole with pike poles, digging ttie hole, and facing 
the pole, the butt of the pole is sawed 30 cm from 1he surface of 
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the ground until the saw is fully buried in the pole. The rails 
are then put in place and fastened to the pole with only the up- 
per straps. The butt of ttie pole is sawed through and removed, 
and between the rails in the underground portion there is inserted 
a section of wood suitable for use as a filler block. The lower 
strap is put in place and ti^tened, tirien the hole is filled. 
Double wooden attachments are installed by a similar method, the 
only exception being that a wooden block is not inserted in the 
underground portion betv;een the attachments. Installation of re- 
inf orced-concrete attachments is made in tlie same way as with rail 
ci tta oilmen ts. In this case the tiiameter of the filler block must 
correspond exactly to the distance between tlie attachments in 
their 'onder^pround portion and in tightening the straps the con- 
crete must not be allowed to crumble. It is not permissible to 
strike the straps in order to close up Ihe turns, for ttiis may 
cause cracks or physical damage to the concrete, thereby lowering 
the strength and shortening the service life of the attachments. 
During the period of use of reinforced-concrete attachments it is 
necessary to check the condition of the concrete and, upon de- 
tecting cracks or exposed reinforcement, immediately to cover th© 
areas with cement. The dimensions of rails, wooden attachments, 
and reinforced-concrete attachments according to the length of 
pole, as well as their fastening to the poles, are given in Chapter 
12, wSection III. 

In repairing lines faded numbers on poles, a ttacliments, and 
braces are to be restored. 

22, k* Repair of Conductors 

Included in tiie repair of conductors is the cutting-out of 
defective sections of conductor beneath ties on insulators, cor- 
roded sections of conductor (especially in the vicinity of chemical 
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plants, sea coasts, ana railroaa stations), removal of pieces of 
wire of incorrect diameter (that is, a 3 -mm wire inserted in a 
4-inm conductor and vice versa), elimination of excessive slack in 
conductors and of temporary joints made in eliminating faults, etc. 

If repair work on conductors is not associated with a con- 
siderable number of conductor inserts, it is conducted as folDovJS. 
The conductors from two or three poles in the vicinity of a proposed 
cut-out are freed and lowered with proper attention to safeguard 
against contact betvieen conductors. This is done by drawing off 
the conductors with ropes slipped over the conductors by means of 
hooks of line wire. On each side of the proposed cut-out the con- 
ductor is held with draw grips and blocks. The rope of the blocks 
is tightened to the required positioning of the grips. Beyond the 
grips the conductor is cleaned ana both these points are joined 
with sections of insulated wire. Then the conductor is cut between 
the grips and its unwanted section is replaced and the ends of the 
conductors are joined (steel conductors are joined by welding and 
copper and bimetallic conductors are joined by sleeving). The 
blocks are removed from the conductors ana the conductor is care- 
fully raised to the insulators so that it does not touch the other 
conductors. It is fastened to the insulators witli tie wire. 

In cutting out a twist the latter is removed in a 20-cm 
length. In its place there is inserted and welded with the con- 
ductors a previously prepared and carefully cleaned section of wire 
of the same diameter and material as the line conductor. The length 
of the prepared piece (ti:ie insert) in electric welding must be 
greater than the length of the cut-out by two diameters of the 
conductor to be welded, and in thermite welding it must be greater 
by 30 cm. 
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In tile Inetallatloi of long inserts the new section of wire 
is unreeled along the ground at the site of replacement of the old 
vire (steel conductor is stretched). The old conductor is first 
unfastened, removed, and by means of straps of insulated wire or 
specially-made insulated suspension brackets it is fastened below 
a hook or crossam. Ihe new conductor is carefully raised, placed 
on the insulator grooves, and fastened - care being token that it 
does not touch live 'wires or other objects. 


Then at one of the ends the conductor which is to be re- 
placed is led through blocks and pulled to a certain sag betwe«, 
grips. Beyond tiie grips a temporary jumper of insulated wire is 
placed on the conductor. The conductor is cut between the grips 
and aie end is joined with the wire prepared for the insert. 


The same procedure is followed with the other end of the 
this step ti;e first blocks are loosened and removed; 
the second blocks are drawn up to the required sag. Between the 
grips of the second blocks toe ends of the insert are joined with 
the conductor and the blocks are also removed. The cut-out con- 
ductor is unfastened over its entire lengti. and is dropped to the 
ground all at once so that it does not touch other conductors. 


inserts are joined with the conductor no closer than 15-20 cm 
av;ay frcxn the insulator. 


Small departures of conductor sag from the prescribed value 
are corrected by adjustment within several adjacent spans. 


For this purpose the tie wires on several poles are loosened 
t the insulators, the conductor sag is equalized, and the tie 
Wires are again fastened. 
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If adjustment must be performed over a considerable extent 
of line with ttie same defect tlirou^^iout (for exeraple, too much Bag), 
then tlie sag is pulled in tows id the center from both sides of the 
section and tlie blocks are used for tiie cut-out ana final adjustment 
of the sag. If the sag is below normal, an appropriate insert is 
made in the center* of the conductor. Decreasing of sag by zig-zag 
bends in the conductor, drawirw^ the c'onductor up with a tie, or 
bending it around the neck of an insulator are all forbidden. 

Conductor ties must be sturdy, otherwise ice, hoarfrost, 
temperature changes, and the tension within dissimilar spans will 
cause the conductors to move over die insulators in the direction 
of the larger span. 

In the inspection of test poles it is necessary to give 
special attention to die condition of test clamps. The clamp 
contact must be cleaned and the ends of tiie conductors tinned. 

Itie grounding of lightning conductors must be checked. This may 
be done with the use of a portable a-c bridge, wherein the ground 
resistances must not be greater ttian 100 ohms. 

22.5 liepalr of Accessories 

An insulator, hook, or pin which is to be replaced is freed 
from the conductor. The conductor is hung on an insulated sus- 
pension device (an egg insulator with two turns of tie wire) or 
on an insulated conductor at a hook or crossam. The insulator 
and the hook or pin are removed and lowered to the ground on a 
rope. A new hook is screwed in place or a new pin installed on 
tl\e crossarm, the cable filler is twisted on, and the insulator 
is fitted over it. The conductor is brought to the insulator and 
fastened with a new tie wire. 
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If an insulator ic broken or a tie snapped on a corner pole 
and the insulator i^hich is to be replaced is vithin the 
tiien tlrie conductor is held to tiie pole wiUi a rope. Vdtti the 
installation of the new insulator the rope is removea^ and tiie 
conouctor is placeu at the neck of tiie insulator and fastened with 
a tie. hilling this the supervisor musu work from uhe oux-side of 
the angle. 

iieplacing of crossanns is done in the following manner. 

The ties on the crossann are loosaied so that tiie crossam may 
be moved along the conductors, liopes are tl:ien run from tiie ends 
of the crossarm to the crossarm above it and utie bol'os are re- 
moved. The crossarm is raised arui che new crossarm is put in 
place and fully installed, ihe old crossarm is then shifted 
slightly along the conductors and lowered until Ihc conductors 
are on a level with the new crossarm. TVie conductors are trans- 
ferred ana fastened with new ties. Ttie old crossarm is lowered 
to the ground witii a rope. The upper crossar:/! is replaced in the 
same way, but the old crossarm is held with rope to a cleat at 
the tip of the pole (Figux'e 22.3) • 

Cleaning of insulators. Cleaning of insulators is per- 
fomed by the section supex^vlsor. In individual cases tiie iiDT 
assigns a worker to assist the supervisor on lines witii a large 
number of conductors. The insulators over an entire section must 
be cleaned twice a year (in the spring and fall). On sections 
close to locomotive depots, metallurgical, cement, and chemical 
plants they must be cleaned each montti. In areas with large popu- 
lation they must be cleaned four times a year. In localities with 
alkaline soil ttiey must be cleaned every two months. 
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In order to increase ttie productivity oi’ labor aria to 
some^Jhat improve the quality of vork in cleaning insulators an 
extremely practical device (lir>i.ire 22*6) proposed by M. M. 

Gorbadiev is recommended. With this device the inner surfaces 
of the insulator can be cleaned. It consists of a steel rod 
210 irrni long with a pointed end for fastening of a viooden iianuie 
and a steel strip witti an extension. The extension is bent at a 
right angle ana serves for fastening of tt.e strip at a hinge joint 
consisting of a rivet mth a vasher. The strip is shapeo to 
confoi'jn to the inner surface of the insiH-ators. 

A piece of cloth is placed over the strip for cleaning 
the inside of insulators. The outside of the insulators is best 
cleaned with a rag. 

In order to remove compacted dirt from the surface of the 
insidators it is necessary to use soap powder and clean via ter. 
After cleaning the insulator is wiped dry wito a clean rag. 

Tile insulator must not be cleaned with a solution of various 
acids, salts, and alkalis, nor witti sand, pumice, or other 
materials which may damage the insulator glaze. 

Cleaning begins with the top insulators, checking for 
cracks, chips, or wom places in ihe procelain (glaze) of the 
top groove due to rubbing of the conductor. Upon detection of 
tliese defects the insulator is replaced. 

The other repair operations not listed in the present book 
(x-'eplacing poles in swampy ground, replacing compound poles, re- 
placing poles installed on rail foundations, etc) are perfomed 
in accordance with the Pravila proyektiorvaniya , stroltel totvaj, 
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remonta voz dushiiykh linii svyazl [Regulations for Flannir.t,,, Con- 
structing, and Repairing Overhead Consum'd cations iinesj 
(S'»;yas*izdat, 1952) under Uie direct supervision of tiie chief of 
the line section. 

In perfoming repitir v?ork the supervisor must observe all 
safeguards against interruption of coimiurdcations. 

11:16 supervisor must personally inspect the work porfonried 
on the section by the repair column. If defects still ei'dst on 
the line, steps must be taken to eliminate them before the column 
leaves the section. The section supervisor assists the receiving 
commission in its work at the time of surrender of the repair 
report. 

22,6. Repair of Gable Inserts 

The following operations are performed in the maintenance 
of cable inserts i burying of exposed submarine and underground 
cable (on slopes, banks, and shores); reinforcing existing pro- 
tective devices guarding the cable against physical damage; 
grading ground along the cable run by ttie use of fill dirt; 
straightening and in some cases replaciiig slesves and covers 
which have been bent; eliminating defects in tiie lead sheathing; 
cleaning oxide from contacts and soldering poor contacts; bring- 
ing grounds up to technical standards; painting tlie cable cases of 
conduits, sections, and vaults; aligning and replacing surveying 
markers and painting and restoring numbers thereon* 

Included in overhaul operations arej replacement of cables, 
line -matching units and protective devices, cable poles, and junction 
boxes in unsatisfactory condition; locating faults in cable sheath by 
application of air pressure and eliminating these faults by placing 
sleeves over them* 
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In cities witii streetcars or electric railroads the cur- 
rents retuniing from the motor car along the rails and ground 
to the power station sometiraes enter the cable sheath at one 
point and leave it at another# Tl'ie point where tlie current 
leaves the cable is known as the anodic zone. Disintegra tion 
(orj as it is also termed, corrosion) of the cable sheatJi occurs 
at tills point. In oroer to protect the cable against this cor- 
rosion the anodic zones are located by measuring the potential, 
on the cable sheath and taking tiie necessary steps to protect 
it by tlie use of bleeders, protectors, and feeder taps. 

In the event of a fault in tlie cable (for example , re- 
duced insioiation in the conductors, indicating the penetration 
of moisture through the cable sheath) the fault is located by 
measureiients and then the brigade is sent out for repair of the 
cable. 

Such faults as burned fuses in cable cases, defective 
arresters and sockets, and poor contacts are iromediately 
eliminated by the supervisor. 

^^^fety Measures in liepairing Communications Lines 

The repair of conductors of trunk circuits must, as e rule, 
be performed before lUOO hours Moscow time, that is, during the 
hours of smallest load on communications lines. In damp weather 
wo.rk on copper conductors with carrier transmission is not permitted. 
Special care must be exercised in working after rain in order to 
avoid disruption of normal communications operation due to contact 
of conductors with wet clothing and with wet ropes from blocks. 

Copper conductors carrying voice- frequency carrier telegraph trans- 
mission must not be held with bare hands. Rubber gloves are to be 
worn during such work. 
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The best niotiioa of avoiuing ixiterferoncfc coiiuumiica tioiiB 
is to i-iace spiral rubber sleeves 60»70 cm lon^ over the copper 
CQiiOucbors at the pole on -which the work is being conducted. 

The loops of repair belts should, as a rule, be covered 
with canvas or some other insiilating material. Conductors niust 
not be ]jlaced directly on the hooks or crossams. Cable filler 
Ox rope must not be used to suspend conductors in replaciiig insu- 
lators. Pliers longer tlian 200 mm must not be used in working on 
poles witti crossarm suspension, since the existing distance of 
20 cm between conductors is such as will cause possible shorting 
of conductors across pliers of greater length* 

In order to protect conductors against knicks and abrasion 
during installation and removal of ties it is recommended that a 
special device (Figure lu.12) in the form of a wooden shoe be used. 

While the repair column is at work on his section the line 
inspector must be sure tliat the workers observe all safety pre- 
cautions in working with live conductors, 

22.8. Safety Techniques 

In operations ior tJie repair and maintenance of line instal- 
lations strict attention must be paid to the Pravil po tekhnlke 
pri rabo takina vozdushnykh liniyaldi svyazi [Safety 
Rules for Operations on Overhead Coinmuni cations hinesj. 

For tills purpose it is necessary tliat all line supervisors 
and workers be thoroughly familiar with Ihe procedures for using 
tools (climbers, belts with snap hooks, blocks, etc) and the 
methods of performing hazardous operations, keeping in mind tliat 
the smallest breach of these rules can result in shock and acci- 
dents, 
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Each day before the beginning of work the tools are carefully 
checked and safety devices are inspected. Defective tools and de- 
vices are immeciiately removed. Itie person performing the Inspec- 
tion enters the results in a special notebook. In givin:.' out work 
assiirhments the leader of operations (tlie section leader, the bri- 
gade leader) mUv'^t tell the workers v.hat they must do in order to 
ob s e r ve ih e sa f e ty r e gul a t i oit b . 

In the perfoimarice of the more hazardous line operations 
(replacing comer poles, working at crossings with higb-voll:age 
lines and the contact conductors of streetcar lines and e3ectrified 
railroads, at river crossings, crossings at highways and railroads, 
in populated localities, in the 'aaiiling, loading, and unloading of 
poles, etc) the leader of the line section must be present in person 
to see that the workers observe the safety regulations. 

V^ork is not pernrittad on lines during tlie approach of a 
storm and much less during the storm. Line work is also forbidden 
during winds with intensity above eiglit balls and when air tempera- 
ture Is above or belofv; the limits prescribed by the local 
authorities — with the exception of work performed during 
emergenciefe^. Iin-elimina ting faults in an emergency the line a 
supervisor goes out on the line witti the workers# 

In the event of an accident tiie victim is given first aid as 
soon as possible and dispatched to the nearest medical station* The 
workers muvst be infoimed of iiie location of Ihe medical station be- 
fore beginning work. 

Each accident in the course of work must be carefully investi- 
gated within 2k hours of its occurrence and a report prepared. Im- 
mediate steps must be taken to prevent recurrence of such an accident. 
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Figure 14,13, Fastening conductoi — whip eliminating (USP) insulators. 
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